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GENERAL INTRODUCTION 
Of the 85 percent of prairie and 15 percent of forest 
that covered Iowa at the time of the European settlement 
(Dick-Peddie, 1955), only a small fraction persists today. 
Hayden (1943, 1945, 1946) described the progressive lost of 
that important part of Iowa's natural heritage, stressing the 
need for preservation of representative areas of virgin 
prairie. She established the basis for the criteria by which 
areas to be preserved should be chosen (Hayden, 1945). 
Since the early descriptions of Pammel (1896, 1899, 
1902) a character of uniformity as "tall grass prairie", or 
"true prairie" has been ascribed to the prairie in Iowa. 
This has retarded the recognition of vegetation types, 
classification units, or vegetational variation. A great 
part of Iowa's land was included by Transeau (1935) in his 
"prairie peninsula" that extends east into Illinois and 
Indiana. Weaver and Clements (1929) placed Iowa near the 
eastern border of the prairie climax, calling the forest 
within the prairie a "pre-climax". Later, Rydberg (1931), 
Weaver (1954) and Weaver and Albertson (1956) included Iowa 
in the "true prairie", a mesic area characterized by tall 
grasses connected through a transitional zone of mixed-grass 
prairie with the "Great Plains", the drier grassland 
dominated by short grasses, which extended west of 
approximately the 99th or 100th meridian. Gleason and 
Cronquist (1964) recognized three prairie zones: tall-grass 
prairie to the east, including Iowa, short grass prairie in 
the west and mixed-grass prairie, the transitional zone 
conecting them. 
Shimek (1911, 1915, 1925) reported the first ecological 
observations dealing with Iowa prairies. His reports were 
floristic, describing the distribution of individual species 
or the whole prairie association on various types of 
topography and geological formations. However, he was also 
interested on the relationship between prairie vegetation and 
climate, topography and fire. He favored a climatic 
explanation for the existence of prairies, giving special 
emphasis to excessive evaporation. His observations and 
ideas about the treeless nature of Iowa prairies are 
summarized in his later Plant Geooraohv gf. Iowa (Shimek, 
1948). 
Weaver and Fitzpatrick (1934) described six grassland 
types or "consociations" (after Weaver and Clements, 1929), 
their structure, and the general ecology of the dominant 
species for midwest prairies. They concluded that water 
relations, as affected by climate, soil and topography, 
explained most of the local variation in structure and 
distribution of prairie vegetation. 
In a recent analysis and classification of tall grass 
prairie remnants in Iowa, White and Glenn-Lewin (1984) 
recognized eight vegetation types that seem to be associated 
primarily with a soil moisture gradient, evident along 
changes in topography, and secondarily to internal soil 
drainage which may or may not vary with changes in 
topographic position. They also pointed out the role that 
geographic separation, size, and history of prairie remnants 
can play in determining the vegetation structure of a 
particular prairie. 
A striking departure from Iowa's predominant rolling 
landscape is found at the northeast corner of the state. The 
Paleozoic Plateau and associated Mississippi, Upper Iowa and 
Yellow River systems account for the rugged topography that 
characterizes the area. The vegetation has been described as 
a prairie-deciduous forest transition zone (Curtis and 
Mcintosh, 1951). The forest that prevails there has been 
classified within the oak-hickory forest in the southern 
hardwood formation (Shantz and Zon, 1924). Braun (1950) 
recognized its transitional nature but placed it in the 
maple-basswood forest, which, in her opinion, represents the 
climax of the area. 
Glenn-Lewin gi. gl_. (1984), in their description of the 
plant communities of the Paleozoic Plateau, acknowledged the 
transitional nature and variety of the forest communities, 
and remarked on the variety of communities of lesser extent, 
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confined to unusual, frequently extreme, environments that 
add to the general richness of the area. Among these, they 
described the particular characteristics of hill prairie 
communities, stressing the need for research, and 
preservation of these grasslands. 
The term hill prairie is commonly used to characterize 
grasslands that occur on steep slopes, such as on loess 
bluffs, on mounds, on steep rocky slopes, or steep slopes of 
glacial drift. They are usually on south to southwest facing 
slopes, exposed to the afternoon sun and dry southwesterly 
winds of summer. In the Mississippi drainage system, they 
normally develop on shallow, very porous soil with rapid 
runoff of water, over dolomite bedrock or coarse calcareous 
gravel (Evers, 1955; Curtis, 1959). Curtis and Greene (1949) 
and Curtis (1959) placed hill prairies on the dry extreme of 
the gradient of original prairie vegetation for Wisconsin. 
White and Glenn-Lewin (1984) included them in the group of 
dry prairies close to gravel and sand prairie types. 
According to Glenn-Lewin et âL- (1984), because their 
topographic characteristics make hill prairies unsuitable for 
plowing, they may be among the best representatives of 
pre-settlement vegetation. There has been increasing concern 
for the gradual deterioration of hill prairies due to woody 
plant invasion (McClain, 1983). Chavannes (1940), for 
instance, presented a detailed description of encroachment by 
woody species in a relict prairie in Wisconsin. Woody 
invasion is generally associated with the suppression of 
fire, a determining factor in the origin and structure of 
grasslands (Gleason, 1913; Vogl, 1974; Axelrod, 1985), and 
with livestock overgrazing (Weaver and Hansen, 1941; Smith, 
1940; Evers, 1955; Launchbaugh, 1955; Dix, 1959; Nyboer, 
1968). 
This study addressed hill prairie vegetation of 
northeast Iowa with two objectives: 
a) The investigation of patterns of community 
organization, their relationship with tall grass prairie 
communities in the rest of the state, and the role of 
grazing, invasion by woody species, and habitat factors in 
determining these patterns. 
b) The investigation of patterns of invasion by 
Junioerus virainiana^ one of the main woody invaders in the 
area. 
Explanation of Dissertation Format 
Two projects, presented here as sections, were developed 
for this dissertation. The first one was oriented to the 
investigation of the structure of the vegetation of hill 
prairies in northeast Iowa, while the second was 
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specifically oriented to investigate the patterns of invasion 
of the prairie* by Junioeru» viroiniana. 
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SECTION I. 
THE HILL PRAIRIES OF NORTHEAST IOWAs I. VEGETATION 
AND DYNAMICS 
8  
INTRODUCTION 
The dissection of the Paleozoic Plateau by the 
Mississippi River and its tributaries, which gives to 
northeast Iowa its rugged topography, also explains the 
variety of its vegetation (Hartley, 1966; Glenn-Lewin et. al.. 
1984). The transitional character of northeast Iowa 
vegetation has been mentioned often in descriptions or 
classifications of the region (Livingston, 1921; Shantz and 
Zon, 1924; Tolstead, 1938; Shimek, 1948; Braun, 1950; Curtis 
and Mcintosh, 1951; Cahayla-Wynne and Glenn-Lewin, 1978). A 
complete lack of agreement among students of the region's 
vegetation is itself an indication of its transitional 
nature. 
A predominant continuum of forest communities associated 
with moisture and success!onal gradients (Cahayla-Wynne and 
Glenn-Lewin, 1978) is complemented, on the Paleozoic Plateau 
of northeast Iowa, by a series of plant communities of less 
areal extent but of no less scientific interest (Glenn-Lewin 
ejL âL-> 1984). Fragile algific slopes that sustain boreal 
disjuncts (Hartley, 1966; Glenn-Lewin et al.. 1984) and hill 
prairies associated with extreme environments (Shimek, 1924) 
are two examples of such communities. 
Hill prairies are usually associated with bluffs or 
steep slopes oriented to the south or southwest, on thin, 
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very permeable and frequently calcareous soils (Shimek, 1924; 
Anderson, 1954). Their xeric character is reflected in their 
lower grass cover as compared to normal prairies (Curtis, 
1959). Curtis and Greene (1949) placed hill prairies on the 
dry extreme of the gradient of communities they recognized in 
Wisconsin. 
Evers (1955) for Illinois and Anderson (1954) for 
Wisconsin have pointed out the uniformity in species 
composition that characterizes hill prairies. The dominant 
species and forbs are essentially the same as in tall grass 
prairie; only the proportions of abundance and dominance 
relationships seem to vary (Curtis, 1959), The 12 
preferential species designated by Curtis and Greene (1949) 
for hill prairies in Wisconsin have all been found on 
northeast Iowa hill prairies, as have most of the species 
listed by Anderson (1954) and Curtis (1959). The same kind 
of prairie with an overall similar composition has been found 
in Minnesota (Anderson, 1954; D. C. Glenn-Lewin, Dept. 
Botany, I.S.U., pers. comm.). It seems reasonable, then, to 
postulate a convergence in structural organization for hill 
prairies under similar conditions over widely separated 
areas. There is also a biogeographical component, but it is 
still not clearly elucidated. 
Even though many of the same floristic elements from 
tall grass prairie are present in hill prairie communities, 
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questions about their particular dominance and diversity 
structure remain open. In this context, it is necessary to 
know if species have the same pattern of response, reflected 
in similar patterns of distribution, under the harsh 
environmental conditions of hill prairies. 
Soil moisture seems to be the most influential factor 
affecting the distribution of tall grass vegetation (Curtis, 
1955; Dix, 1958; Dix and Butler, 1960; Ayyad and Dix, 1964; 
Bliss and Cox, 1964; Dix and Smeins, 1967; Baines, 1973; 
White and Glenn-Lewin, 1904). Curtis and Greene (1949) found 
remarkable uniformity in the composition of Wisconsin 
prairies, with variations in structure associated with a 
moisture gradient. Those and other observations led later to 
the formulation of the prairie continuum concept, which has 
been greatly influential on prairie ecological research 
(Curtis, 1959). 
Topographic or edaphic factors seem to determine 
vegetation structure in as much as they influence soil 
moisture, which is frequently evaluated through soil water 
holding capacity. However, no comprehensive model of the 
interrelationships of these factors in prairie soils has been 
offered. Both organic content and soil texture influence 
water holding capacity (Thompson and Troeh, 1973). Ayyad and 
Dix (1964) were able to correlate species distribution with 
organic matter content but not with soil texture. Dix and 
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Smeins (1967) determined that water holding capacity was 
correlated with soil texture. Baines (1973) found a 
correlation between water holding capacity and slope 
position, but not between the latter and soil texture. 
Other edaphic and topographic factors that have been 
correlated with prairie vegetation include soil pH (Baines, 
1973; Ayyad and Dix, 1964), soil temperature (Dix and Butler 
1960; Ayyad and Dix, 1964), depth of A horizon (Bliss and 
Cox, 1964), depth of soil above bed rock (Dix and Butler, 
1960), aspect and degree of slope (Dix, 1958; Ayyad and Dix, 
1964) and internal drainage (Bliss and Cox, 1964; Dix and 
Smeins, 1967; White and Glenn-Lewin, 1984). A less 
significant role is attributed to nutrients (Dix and Butler, 
1960). 
Weaver (1954, 1968) stated that the structure and 
floristic composition of tall grass prairie remain unchanged 
under a wide range of environmental factors. However, minor 
changes in soil moisture were immediately reflected in the 
vegetation. He reported that 80 per cent of the prairie 
vegetation is accounted for by the two bluestem grasses, 
Andropogon gerardi i and Aj5_ scopari us. Andropooon aerardi i 
dominates in lower slopes where it outcompetes Aj. scoparius. 
which in turn has adaptive advantages on upper slopes where 
it predominates (Weaver, 1968). Soorobolus heterolepis may 
also be dominant; it is usually confined to dry upland 
prairie (Weaver, 1954; Curtis, 1959). 
Research on the environmental factors that determine 
hill prairie vegetation has been scarce. Anderson (1954) 
included soil chemical and physical characteristics in his 
survey of dry lime hill prairies in Wisconsin. Evers (1955) 
listed environmental factors that are associated with hill 
prairies in Illinois. Kilburn and Warren (1963) and Bland 
and Kilburn (1966) report on vegetation and soil texture of 
Illinois hill prairies. Reeves et aL. j (1978) found 
significant microclimatic differences between a hill prairie 
and a forest station, although the xeric environment ot the 
hill prairie was being encroached upon by the surrounding 
forest. 
Encroachment of hill prairies by woody species is 
associated with suppression of fire and overgrazing (Dix, 
1959; Kilburn and Warren, 1963; Nyboer, 1968; McClain, 1983). 
Overgrazing creates openings that facilitate the 
establishment of woody species, and the absence of fire 
allows the invaders to grow without control. The effects of 
both disturbances, fire and grazing, on vegetation have been 
widely documented (Vogl, 1974; Grime, 1979; Harper, 1977; 
White, 1979). 
The objective of this study was to investigate the 
vegetation structure of hill prairies in northeast Iowa and 
its relationship with tall grass prairie in the rest of the 
state. The search for patterns of organization was oriented 
to obtain a better understanding of the influence of grazing 
on vegetation, and of patterns of development under 
protection from grazing. In the same context, the influence 
of topography and soil characteristics, especially those 
related to soil moisture, on the vegetation and its dominant 
species was investigated. 
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METHODS 
Study Area 
This study was carried out on the hill prairies that lie 
near the confluence of the Mississippi and Upper Iowa rivers 
in northeast Iowa (Allamakee county, ca. 43® 27' N; 91° 17* 
W). Three additional locations were selected in Dubuque, 
Iowa (42= 32' N; 90® 40" W). The prairies lie in the 
landscape unit known as the "Driftless" area or Paleozoic 
Plateau (Ruhe, 1969; Prior, 1976). The area was selected 
because: 1) many hill prairies occur there, 2) it includes a 
complete range of hill prairies under different intensities 
of grazing, 3) none of them have been plowed nor fertilized, 
and 4) the hill prairies extend both the geographic and 
topographic range of the previous study by White and 
Glenn-Lewin (1984). Thirty-two prairies were sampled during 
the summers of 1984 and 1985. 
Geological and climatological characteristics of the 
area are described in Hartley (1966), Cahayla-Wvnne (1976) 
and Cahayla-Wynne and Glenn-Lewin (1978). Soils are 
described in Scholtes and Swenson (1958) as Steep Rocky Lands 
that can be used only for pastures or trees. General 
vegetational features are described by Hartley (1966) and 
Glenn-Lewin ejb al. (1984). 
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Field Methods 
Because slope, aspect and topographic position appear to 
be the main habitat -factors which affect the structure of 
hill prairie vegetation (Shimek, 1911; Weaver, 1968), any 
significant variation in any of these three factors 
determined the selection of a stand for sampling in a 
particular prairie, even when no changes in vegetation were 
apparent. Similarly, a sample was selected whenever a change 
in the structure of the vegetation was evident. Special 
consideration in this regard was given to evident variations 
in the relative abundance of woody species. When suitable, 
grazed and ungrazed stands were selected parallel to the 
fence separating them. 
For each stand, a sample of 10 one m® quadats was 
recorded. This size was based on the data of White (1983). 
He found that the species richness of tall grass prairie 
samples more than doubled when the sample size was increased 
from 1 to 10 m=, but the next duplication of sample size (to 
20 m=) yielded only 5 to 10 % more species. The quadrats 
were placed in two 2 x 5 blocks, located at two randomly 
selected points along a line that traversed the greatest 
vertical (up-and-down) length of the stand. Five 1 
quadrats were randomly chosen from each block, resulting in 
the total of 10 m=. Percent cover for each species was 
estimated for each of the 1 m® quadrats. Aspect, topographic 
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position, and growth-form composition (Table 1) were recorded 
for each stand. Azimuth values were transformed after Beers 
gi. ai_. (1966) when aspect was used as an independent 
variable. Also, a five level scale was constructed to 
evaluate the grazing status of each stand (Table 2). The 
grazing susceptibility numbers and stand index number method 
developed by Dix (1959) were used to obtain a grazing index 
for each stand. The high floristic affinity between hill 
prairies in northeast Iowa with those in Wisconsin justifies 
this approach. 
From each stand, a soil sample was obtained which 
combined 10 small subsamples from different positions. Soil 
depth was determined by probing at least 10 points, scattered 
evenly in the area, until resistance was met. Most of the 
sites have very shallow soils. In many cases, particularly 
on overgrazed stands, parent rocks predominate, and the soil 
is limited to narrow fringes between them. Deeper soils are 
usually associated with sand pockets on lower slopes. 
Soil samples were air—dried and passed through a 2 mm 
sieve. The finer portion was kept for soil texture and pH 
determinations. The Bouyoucos hydrometer method was used for 
soil texture (Palmer and Troeh, 1977). The method of Newsome 
and Dix (1968) was applied to obtain an index of texture that 
could be used to express the water—holding capacity of the 
soil. A glass electrode pH meter was used to measure the 
17 
soil reaction. 
Species nomenclature follows Gleason (1952), except for 
the grasses, which follow Pohl (1966). 
Analytical Methods 
Detrended Correspondence Analysis (DCA or DECORANA; Hill 
and Gauch, 1980; Gauch, 1982), an improved form of reciprocal 
averaging ordination (Hill, 1973), was used to ordinate stand 
samples. This ordination method is preferred in vegetation 
analysis because it responds well to multiple dimensions of 
variation and large beta diversities, generally yielding axes 
free of terminal inversion and convolution (Hill and Gauch, 
1980; Gauch, 1982). The method of progressive fragmentation 
proposed by Peet (1980) was used to increase the resolution 
of the ordinations. Since it is not possible, at this time, 
to be certain that patterns of abundance in the prairies 
satisfy the criteria for parametric analyses, mainly 
nonparametric techniques were used for statistical analyses 
(Gibbons, 1976; Sokal and Rohlf, 1969). 
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Table 1. Basic growth-form composition used for global 
characterization of the stands 
PR: Grasses and/or forbs predominate. Woody species, 
if present, scattered and in very low abundance. 
PR.JV/JC: Short grass layer with Junioerus viroiniana 
(JV) and/or Junioerus communis (JC) scattered 
over the area. 
RI: Grasses and/or forbs predominate but Rhus 
glabra becomes a conspicuous element. However, 
it does not have a closed canopy. 
SI J As in RI but the woody species is different from 
Rhus glabra. 
SD.H/L; Shrubby species predominate, usually forming a 
closed canopy, and sometimes interrupted by small 
openings where it is possible to find some prairie 
species. H: canopy taller than 1 m. L: canopy lower 
than 1 m. 
RD.H/L: As in SD.H/L but the upper canopy species is 
Rhus glabra forming a monospecific stand. 
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Table 2. Ranks of grazing intensity for northeast Iowa 
hill prairie sites 
1.- Heavy grazing continuous during recent years. Extreme 
reduction of grass size and cover. Only a few tillers 
develop into flower and seed. High percent of the very 
thin soil uncovered; no biomass accumulation. Evidences 
of advanced levels of erosion are common. 
Grazing continuous but less intense, allowing the devel 
opment of a permanent grass cover. Grasses of interme­
diate size, flower and seed production are frequent. 
Biomass accumulates in small amounts over the ground. 
Soil, at least in places, deeper than 5 cm. Occasional 
evidences of erosion in progress. 
Not grazed or only sporadically during the last 3-5 
years. Vegetative cover well developed. Grasses reach 
full size and normal flower and seed production. Dead 
biomass accumulation is evident. In several cases has a 
definite prairie aspect. 
4.- Nongrazed at all for more than 10 years. Vegetative 
cover well developed. Significant amounts of biomass 
accumulated leaving only occasionally uncovered soil. 
Soil frequently reaching more than 5 cm. 
5.- Nongrazed for a long time (more than 20 years). Higher 
variation in forbs composition gives them an appearance 
probably closer to the original prairies. 
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RESULTS 
General Composition 
A total of 170 taxa were found in the 36 prairies 
sampled, all of them previously reported for tall grass 
prairie communities in Iowa (Shimek, 1911, 1924; White, 
1983), and hill prairies in Wisconsin (Anderson, 1954) and 
Illinois (Evers, 1955). The 25 most common species 
registered during the course of this study are given in Table 
3. Anderson (1954) reported that the same species were also 
abundant in similar hill prairies in Wisconsin. All but one 
of the 50 most common species, and 85 % of all the species, 
in the list reported by Anderson wera also recorded in this 
study. The same general floristic affinity exists with hill 
prairies on the Mississippi bluffs in Illinois (Evers, 1955) 
and with hill prairies along the Saint Croix River, Minnesota 
and Wisconsin (David Slenn-Lewin, Botany Dept. I.S.U., 
pers. comm.). 
This study differs from those of Anderson (1954), White 
(1983), and Evers (1955) in that disturbed stands, mainly by 
overgrazing or various degrees of invasion by woody species, 
were also included. That explains the relatively higher 
importance that shrubs and trees exhibit in Table 3 compared 
to those in the other studies. In northeast Iowa, Rhus glabra 
ranked 12 in constancy and was the most common of the woody 
Table 3. The 25 most common plant species in hill 
prairies of northeast Iowa. Total cover is the 
sum for each species over the total 204 samples. 
Constancy (Con.) corresponds to the number of 
samples in wich a species was present. It is 
also presented as a percentage (% Con.) of the 
total number of samples. Constancy ranks of some 
of the species for Wisconsin hill prairies 
Anderson (1954), are also included (RW) 
Total 
cover 
Rank Species (m=) Con. '/.Con RW 
1 Bouteloua curtioendula 81.9 196 95.6 2 
2 AndroDooon scooarius 269.9 190 92.7 1 
3 Androoooon oerardii 268.2 182 88.8 3 
4 Soorobolus heteroleois 166.8 168 81.9 10 
5 Solidaoo nemoralis 27.7 164 80.0 6 
6 Carex, spp. 37.7 162 79.0 
7 Aster azureus 27.5 158 77. 1 
8 Amoroha canescens 25. 1 150 73.2 7 
9 CoreoDsis oalmata 21.7 149 72.7 11 
10 Panicum oerlonaum 21.1 144 70.2 5 
11 Euphorbia corollata 10.8 143 69.7 9 
12 Rhus Glabra 98. 1 109 53. 2 
12 Aster sericeus 21.1 109 53.2 8 
12 Helianthus occidental is 24.7 109 53. 2 
13 Sorahastrum nutans 23. 1 105 51.2 46 
14 Junioerus virai ni ana 35. 1 101 49.3 
15 Aster ericoides 12. 1 82 40. 0 15 
16 Celastrus scandens 18.4 44 21.5 
17 Soorobolus aff. vaoiniflorus 25. 1 39 19.0 
18 Junioerus communis 42.0 37 18.0 
19 Rubus occidental is 21.3 35 17. 1 
20 Cornus racemosa 47.6 34 16.6 
21 Poa comoressa 10.5 18 8.8 44 
22 Phvsocarous O D o u l i f o l i u s  13.4 16 7.9 
23 Stioa soartea 15.7 8 3.9 14 
22 
species (Table 3). Juni perns viroinianap J. communis. 
Celastrus scandens and Cornus racemosa were also common woody 
species. In Table 3, constancy decreases rapidly to 3.9% 
•for the 25th species on the list, contrasting with 56% for 
the same position on the list compiled by Anderson (1954). 
This means that dominance concentration is greater in the 
north east Iowa hill prairies, at least in part because of 
the woody species. 
Ordinations 
DCA ordinations were used to show the relationship 
between hill prairie vegetation and the tall grass vegetation 
from the rest of Iowa, and to define community types for hill 
prairie vegetation. To begin, a big matrix was created by 
combining the data used by White and Glenn-Lewin (1984) for 
their analysis of tall grass prairie in Iowa (144 stands), 
with that generated for hill prairies in this study (204 
stands). A systematic series of ordinations was then 
performed. 
First ordination 
The first two DCA axes from an ordination of all 348 
prairie stands are shown in Figure 1. Individual stands are 
indicated by letters representing community types (see 
below). The first axis reproduces the compositional gradient 
related to the xeric to wet habitat gradient described by 
White and Glenn-Lewin (1984). The hill prairie stands fall 
naturally at the driest extreme. Within the hill prairies 
group, low stand scores correspond to overgrazed stands 
clearly dominated either by Bouteloua curtioendula or 
Sporobolus aff. vaoini-florus. Axis 2 partly defines two 
groups of hill prairie stands, one dominated by Andropooon 
qerardii (low axis 2 scores) and one dominated by Andropooon 
scooarius (high axis 2 scores). Between these, and mostly 
mixed with Andropooon qerardii dominated stands, there is a 
fourth group of stands dominated by Sporobolus heterolepis. 
Even though there is a clear demarkation of the hill 
prairie stands from those of a relatively more mesic 
character, continuity between these is established through 
the dry-mesic (DM), and mesic, unimpeded drainage (MUD) types 
of White and Glenn-Lewin (1984). In their analysis, the DM 
type occurred on upper slopes with pronounced topographic 
relief and rapidly permeable soils on deep, coarse 
substrates. Andropooon scooarius is characteristic of dry 
prairie in general. In the DM type, dominance is shared by 
Andropooon scooarius. qerardi i . Stipa spartea. Soorobolus 
heterolepis. Poa pratensis and Sorohastrum nutans. All of 
these are found in hill prairie vegetation, but only the 
Andropooon species and Sporobolus heteroleois establish clear 
or shared dominance. The MUD type, in turn, is dominated by 
Figure I. Ordination of samples along the first two DCA axes. Symbols for 
individual samples correspond to community types for hill prairies 
in northeast Iowa (R: Bouteloua curtioendula - Sporobolus 
aff. vaqiniflorus type, 0; Andropogon scooarius type. 
Us Andropogon gerardii type, S: Sporobolus heterolepis 
type) and to community types as described in White and Glenn-Lewin 
(1984) as follows A: Wet prairie, B: Wet mesic impeded drainage, 
C: Mesic impeded drainage, Dt Wet mesic unimpeded drainage, 
Es Mesic unimpeded drainage, F: Dry mesic, G: Gravel prairie, 
Hs Sand prairie 
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Andropoaon gerardi i (sometimes with Sporobolus heteroleois). 
and develops on gentle, moderately drained upper slopes. As 
shown in Figure 1, the DM type becomes partially separated 
from the MUD type along the second DCA axis, following a 
tendency roughly parallel to those stands dominated by 
Andropoaon gerardi i and A.seopari us in hill prairie 
vegetation. • 
The middle sector of the ordination concentrates stands 
classified by White and Glenn-Lewin (1984) as mesic, gravel 
or sand prairie. These three become separated along the 
second axis, which White and Glenn-Lewin (1984) related to 
internal soil drainage. The high ordination scores for the 
second axis correspond to vegetation on highly permeable 
soils, i.e., gravel prairies and sand prairies. The gravel 
prairie stands, associated with eskers and kettleholes on the 
Gary Drift in the western part of Iowa, overlap along the 
first DCA axis with those of hill prairies on the Paleozoic 
Plateau, but become clearly separated along the second 
ordination axis. 
The remaining vegetation types described by White and 
Glenn-Lewin (1984), wet-mesic unimpeded drainage, mesic 
impeded drainage, wet-mesic impeded drainage and wet prairie 
maintain the same relative position in the combined 
ordination as in their original analysis. Deleting groups of 
stands belonging to wet prairie and sand prairie extremes did 
not change the interpretation of the ordination. 
Second ordination 
The DCA ordination of 204 samples from northeast Iowa 
hill prairies is shown in Figure 2. The third axis did not 
add much to the interpretation, and so is not included. 
The first ordination axis resulted in four groups of 
samples (but not discretely separated), apparently reflecting 
the complex interaction between grazing intensity and 
abundance of woody species. Positioned to the extreme left 
are stands dominated by shrubs. Included are stands that 
have apparently reached a certain stability, with a well 
developed, dense canopy of shrubs alternating with gaps in 
which some prairie species occur, but with low relative cover 
values. Also grouped at this extreme are stands that seem to 
be the result of relatively recent woody invasion of prairie. 
They frequently have a short, sometimes monospecific, shrubby 
canopy and prairie species are interspersed. Along the 
coenocline, these heavily invaded stands give way to an 
intermediate section of stands which are undergoing different 
levels of invasion by woody species. These intermediate 
stands maintain a higher proportion of prairie species in 
their composition than do the heavily invaded sites. 
Most of the stands are, however, grouped toward the 
center of the first axis. These correspond mainly to 
Figure 2. Ordination of hill prairie vegetation samples along the first two 
axes in DCA. Individual samples designated by symbols corresponding 
to community types for hill prairies in northeast Iowa, n «Rhus 
glabra - Cornus racsmosa type, : Soorobolus heteroleois 
type, o* Andropoqon gerardi i type, A îAndropooon scoparius 
type, D: Bouteloua curtioendula - Soorobolus aff. 
vaoiniflorus type 
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prairie stands with low proportions, if any, of woody 
species. The second DCA axis distinguishes three sections 
wihin this large, central group. The high ordination scores 
correspond to stands dominated by Androooaon scooarius while 
those with low scores are Êi. oerardi i dominated stands.-
Between both Androooaon spp. groups are ordinated stands 
dominated by Sporobolus heteroleois. The Sj^ heterolepis 
stands are distinct as a group but are not clearly 
discriminated from the section dominated by Andropoaon 
scooarius. It is possible, however, to distinguish two 
clusters of Soorobolus heteroleois dominated stands in 
apparent correspondence with two levels of abundance of woody 
species. The average cover of woody species on the leftmost 
group (lower axis 1 scores) was more than five times higher 
(R = 186.9 dm=; s = 149.2; n = 9) than the right most group 
(R = 33.6 dm=; s = 51.0; n = 17). 
The fourth group, occupying the extreme with highest 
scores on the first axis, consists of heavily grazed stands 
undergoing invasion by Juni perus virainiana and/or J. 
communis. They have a very short herbaceous laver spotted 
with Juni perus in different developmental stages. The grazed 
extremes are dominated by Bouteloua curtioendula or 
Sporobolus aff. vaoiniflorus in the herbaceous layer. 
The second DCA axis broadly separates two groups of 
grazed stands. One (with high scores) is dominated by 
Bouteloua curtioendula and seems to be associated with very 
thin, stony soil on middle and upper slopes. The lower 
group, in which species of Juni perus or Androoooon oerardi i 
dominate, is associated with deeper, usually more sandy soil, 
on middle or lower topographic positions. Sand content and 
mean soil depth are significantly higher in the group with 
lower ordination scores on the second ordination axis 
(Mann-Whitney-Wilcoxon; P< 0.001 and P<0.01, respectively). 
Subsequent ordinations excluding both groups at the 
extremes (dense shrubby and overgrazed stands), or species of 
low constancy, confirmed the groupings obtained by the second 
ordination, but without further resolution. 
Third ordination 
All samples with total woody species relative cover 
values below 15% were ordinated in a third analysis. This 
restriction was imposed to focus on those stands that have 
maintained their basic prairie structure, either under grazed 
or ungrazed conditions. The result of the DCA ordination of 
this set of samples is shown in Figure 3. Again, the high 
ordination scores on the first axis correspond to overgrazed 
stands. The correlation between first axis DCA scores and 
grazing index was significant, negative, but relatively weak 
<r= -0.35; P<0.01). Stands dominated by Andropoaon scooarius 
are grouped toward the low extreme on the first axis. The 
Figure 3. Ordination of vegetation samples from stands with <15% total wood 
cover along the first and second DCA axes. Individual samples are 
designated by symbols corresponding to community types for hill 
prairies in northeast Iowa. 1$ : Soorobolus heteroleois type, 
O : Andropooon oerardii type, A : Androoooon scooarius 
type, Q s Bouteloua curtipendula - Soorobolus aff. 
vaoiniflorus type 
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center of the ordination is better resolved along the second 
DCA axis. This second dimension provides a more clear 
definition of the group of stands dominated by Soorobolus 
heteroleois. 
Community Types 
The continuity in composition of the vegetation, which 
is summarized in the integrative result of the ordinations, 
does not preclude the usefulness of a vegetation 
classification. Ordination, in fact, is the sounder initial 
procedure, when over-emphazis on discontinuities, a 
disadvantage of most classification methods, is to be avoided 
(Greig-Smith, 1983). Consequently, the tendencies shown in 
the grouping of samples after ordination by DCA were used to 
define five community types for the hill prairie vegetation 
of northeast Iowa. The five types are defined and named by 
the dominant species. Their composition is shown in Table 4. 
Andropoaon gerardi i, A. scoparius. Sporobolus 
heteroleois and Bouteloua curtioendula are the most constant 
and abundant grasses in all the community types. Also 
frequent, but less abundant in the five types, are two or 
three unidentified species of Carex. and the forbs Amoroha 
canescens, Coreopsis pal mata, and Aster azureus. Relatively 
constant in the prairie types without woody plants are Aster 
sericeus, Solidaao nemoralis. Petalostemum puroureum. 
Table 4. Total constancy (te), constancy by community type (en), and average 
cover (cov; dm=) for species present in 5 or more stands of hill 
prairies from northeast Iowa (• = tc or cov < 0.1%) 
R6 SH AG AS BC 
—  — —  — — — —  — — —  — —  — — — —  — — —  
Species tc COV cn COV cn cov cn cov cn cov cn 
Rhus Glabra 53 167.0 97 57.5 64 14.3 42 28.8 59 6.9 19 
Celastrus scandens 22 43.3 67 2.5 21 1.7 9 4.7 21 0. 1 5 
Cornus racemosa 17 137.7 67 10.0 7 6.4 20 1.4 5 
Rubus occidental is 17 80.4 7 0.3 4 5. 1 11 0.4 10 0.1 4 
Soorobolus heteroleois 82 80.3 80 278.0 100 92.3 82 51.6 84 14.6 67 
Androoooôn aerardii 89 58.2 83 58.6 75 376.0 100 68.7 90 103.7 93 
Androoooon scooarius 94 39.3 77 82.6 96 101.6 96 331.8 100 46.8 88 
Bouteloua curtioendula 96 8.2 80 27.0 93 36.7 98 26.8 98 83.0 100 
Soorobolus sp. 19 0.5 11 0.2 11 0. 1 2 72.3 70 
Carex spp. 90 4.4 53 13.7 93 18.2 96 21.6 95 21.0 100 
Amoroha canescens 74 27.5 80 14.4 75 20.9 76 7.0 67 3.9 72 
CoreoDsis oalmata 73 5.9 77 17.9 86 1.7 76 10.3 52 4.4 65 
Aster azureus 78 3.9 53 13.7 86 17.2 80 17.7 86 6.8 77 
Aster ericoides 40 10.8 80 2.8 29 3.2 36 4.3 43 0.2 16 
Monarda fistulosa 35 9.0 83 4.0 25 4.4 33 2.0 24 0.3 19 
Potentilla aroutta 27 1.7 57 0.2 18 0.6 24 0.8 26 0.3 16 
Vitis rioaria 16 16.6 50 0.4 14 5.4 16 5.8 9 0. 1 5 
Ceanothus ovatus 15 17.4 53 0.3 7 1.7 7 1.3 14 0.3 7 
Aster sericeus 83 1.2 37 8.2 86 14.4 91 12.6 91 7.2 91 
Solidaao nemoralis 80 0.9 20 9.0 71 11.7 84 18. 1 98 29.0 98 
Petalostem ouroureum 74 0.9 37 2.0 75 9.8 89 3.0 67 2.9 93 
Euohorbia corollata 70 3. 1 47 5.3 79 6.8 93 3.6 66 7.0 70 
Helianthus occidentalis 53 2.2 20 8.8 71 17.8 53 9.2 43 12.0 79 
Pan1cum oerlonoum 71 0.6 23 5.3 54 6.9 80 18.7 83 6.7 86 
Table 4. Continued 
Li thosoermum canescens 
Sorghastrum nutans 
Linum sulcatum 
Junioerus viroiniana 
Aster pi 1osus 
Viola pedata 
Phvsocarnus opulifolius 
Comandra umbellata 
Soli daoo ri oi da 
Campanula rotundifolia 
Silohium 1aciniatum 
Scutellaria parvula 
Kuhnnia eupatori oi des 
Antennaria plantaoinifolia 
Asclepias verticillata 
F'oa pratensis 
Aster oblonoifolius 
Ratibida pinnata 
Junioerus communis 
Erioeron strioosus 
Panicum scribnerianum 
Bromus kalmii 
Verbena stricta 
Solidaoo speciosa 
Melilothus alba 
Rosa Carolina 
Anemone cvlindrica 
Panicum leiberoii 
Parthenocissus guinouefolia 
Aqui1eai a canadensis 
Artemisia caudata 
Sisvrinchium campestre 
Bouteloua hirsuta 
Aster ptarmi coi des 
49 1.5 37 1.8 71 2.4 53 1.0 36 0.6 49 
51 5. 5 47 12.0 54 11.4 53 10.3 71 1.5 23 
49 0. 1 10 0.3 21 0.9 44 1.0 64 1.8 81 
50 8.3 33 6.8 18 13.0 56 12.0 38 34.3 81 
32 0.6 3 1.1 14 1.9 49 0.7 12 7.2 74 
48 0.2 23 2.9 61 2.4 47 5. 2 47 3.4 60 
8 22.0 17 2.5 7 7.7 11 4.5 5 0.1 2 
32 0.4 7 1.0 46 1.7 22 3.3 43 1.8 37 
30 0.4 17 1.9 29 5.7 47 3.7 31 0.7 21 
30 0.4 13 0.4 11 1.3 38 0.7 28 1.6 51 
25 0.3 10 13.9 36 14.3 31 5.3 29 1.3 9 
25 * 3 0. 1 14 0. 1 18 0.2 29 0.3 46 
24 1.7 30 1.4 29 2.9 27 2.3 29 0.9 7 
24 0.2 7 0.7 21 4.0 36 1.2 16 6.9 39 
20 0.3 23 1.0 21 0.8 24 1.2 21 * 9 
20 25.4 40 1.3 14 8.3 18 0.8 7 5.0 28 18 2.2 33 4.6 18 2.5 18 3.1 22 0.3 2 
18 7.5 43 0.3 14 0.5 16 1.0 17 0.1 5 
18 0.2 13 12.9 14 28.2 24 6.9 14 27.4 23 
17 0. 1 13 0.3 14 0.3 11 0.3 10 0.7 35 
16 5.8 40 0.5 11 0.8 11 0.7 17 0. 1 5 
12 0.7 40 0.8 18 0.4 2 0.3 3 0. 1 2 
11 0. 1 3 * 4 0.2 4 0.2 14 0.4 26 
10 6.7 30 6.0 11 0.6 9 0.9 9 % 2 
10 3.7 17 0.7 7 0.2 7 0.3 5 0.4 16 
7 0.3 10 0.3 4 3.3 1 0.6 2 0. 1 2 
7 0.5 17 0. 1 4 * 2 0.2 7 % 2 
7 2.0 17 * 7 0. 1 7 0. 1 3 0. 1 5 
5 0.3 7 0.2 4 1.5 4 0.3 2 0.5 7 
4 1.5 10 0.2 4 0. 1 4 * 2 0. 1 2 
28 0. 1 -7 1.0 29 0.9 24 5. 1 63 34 0. 1 25 0.3 40 0.2 33 0.5 60 
53 0.3 11 3.2 22 8.5 33 11.1 49 
30 2.5 39 2.5 42 0.5 16 3.5 53 
Table 4. Continued 
Liatris cylindracea 30 
Gerardia aspera 17 
Baotisia leucophaea 9 
Lithospermum incisum 11 
Betula oapvrifera 3 
Eouisetum hiemale 3 
Phvsalis heterophvlla 4 
Oenothera biennis 5 
Potentilla recta 4 
•Kalis striata 3 
Pstalostemum candidum 6 3.3 7 
Ambrossia artemisiifolia 8 1.5 23 
Senecio olattensis 9 0. 1 3 
Poa compressa 9 28.4 23 
Panicum viroatum 3 0.2 10 
Populus tremuloides 3 0.7 10 
Stipa spartea 4 2.0 3 
Ulmus rubra 6 4.2 17 
Eupatorium ruoosum 3 0.4 13 
Solidaao canadensis 3 2. 1 13 
Aster laevis 6 0.2 7 
Lactuca canadensis 7 1.2 27 
Helianthus laetiflorus 11 1.6 23 
Pvcnanthemum virainianum 10 6.4 17 
Elvmus canadensis 6 1.0 23 
Euoatorium altissimum 5 0.9 10 
Rosa blanda 3 0. 1 7 
Phlox pi 1osa 12 2.0 37 
Galium boreale 3 0.2 7 
Spiranthes cernua 3 * 3 
Pedicularis canadensis 8 * 
Eraorostis speciosa 4 0.6 3 
Pellaea Glabella 4 * 3 
1.1 36 3.1 36 3.6 36 2. 1 35 
* 11 0.6 20 0.7 14 1.2 35 
0.6 11 1.1 11 0.2 2 2.5 19 
0. 1 7 0.2 7 0.5 21 0.2 14 
0.2 4 0.1 2 0.2 4 0.4 2 
* 4 • 2 * 2 0.1 5 
0.1 11 0. 1 4 * 3 0.1 2 
0.3 4 0. 1 4 * 4 0. 1 7 
1.9 2 * 3 0. 1 7 
* 2 * 2 * 7 
0. 1 7 0.2 9 0. 1 2 
0.9 4 0. 1 2 0.2 9 
0.1 9 0. 1 10 0.1 19 
0.5 2 1.1 7 0.3 14 
* 2 0. 1 5 
0.2 2 0.8 3 
0.4 9 0.7 5 
0.1 4 0.9 
* 
» 
7 
4 
3 
* 4 0.3 7 
0. 1 7 0.2 2 0. 1 3 
2.0 14 3.2 13 0.5 7 
1.2 18 2.4 16 1.7 7 
0.4 4 0.5 9 * 2 
* 4 0.3 7 0. 1 5 
* 4 * 4 * 2 
0.2 7 
4 
0.3 
0. 6 
7 
2 
0.9 14 
* 4 5 * 5 
0.9 18 6 0.6 11 0.7 14 
0. 1 7 7 0.3 2 * 7 
0. 1 7 8 0.2 2 0. 1 7 
Euphorbia corol1ata. Helianthus occidentalis and Panicum 
oerlonoum. Bouteloua hirsuta. Aster otarmicoides, Liatris 
cvlindracea. Sisvrinchium camoestre, Artemisia caudata. and 
Gerardia aspera are of intermediate constancy values and 
confined to the four prairie community types. Of 
intermediate constancy, in one or two community types, are 
Sorahastrum nutans. Lithospermum canescens. Linum sulcatum. 
Juniperus virainiana. Aster oilosus. Viola pedata and 
Campanula rotundifolia. The remaining species in the center 
of Table 4 are present in the five community types, but with 
low constancy and cover values. The last portion of Table 4 
include those species that are absent from one or two of the 
community types. 
Rhus glabra - Cornus racemosa communitv type 
Several combinations of shrubby species characterize 
this type. The usually dense upper stratum is spotted by 
openings in which one finds many of the species that are 
normal components of prairie communities. Depending on the 
degree of opening of the shrubs, sometimes higher cover 
values are registered for these prairie species than for the 
upper stratum. Many of the species are also components of 
the forest-prairie contact zone. Rhus glabra and Cornus 
racemosa. the most common dominants, alternate or share 
dominance with Rubus sp. on three stands. One stand was 
dominated by Celastrus scandensf which is frequently also an 
important component. Phvsocarous ooulifolius dominated in 
one stand protected from grazing for a long time. Sometimes 
Rhus glabra forms nearly pure stands, especially close to the 
forest border or on upper topographic positions, in prairies 
that have been grazed for long periods of time. Sporobolus 
heteroleois. Andropooon oerardi i. A. scoparius and Bouteloua 
curtipendula. are also important in this community type 
(Table 4). This type develops mainly in depressions, gullies 
or ravines, where water is relatively available. Those 
locations are apparently the main source of propagules for 
the invasion of the surrounding prairie. Most of the stands 
of this type were located on upper or middle topographic 
positions, 
Sporobolus heteroleois communitv-tvpe 
Sporobolus heterolepis clearly dominates the stands that 
make up this type. Frequently, Andropooon scoparius. A. 
qerardii or Rhus glabra follow in abundance, or codominate in 
a few cases. Bouteloua curtipendula. Carex spp., Amorpha 
canescens, Coreopsis palmata^ and Aster azureus are of 
intermediate importance. Occasionally, important are 
SiIphium 1 aciniatum. Sorohastrum nutans. Rhus glabra and 
Helianthus occidentalis. This is the least common of the 
prairie community types on northeast Iowa hill prairies. It 
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occurs on upper or middle slopes. The persistence of this 
type is probably related to the interaction of topographic 
position and low grazing intensity. Particularly 
well-developed stands are found on ungrazed upper topographic 
sectors. Composition and habitat characteristics relate this 
community type to the Prairie Dropseed type described as a 
"Consociation" by Weaver and Fitzpatrick (1934). 
Andropoqon gerardi i communi tv tvoe 
Dominance by Andropooon gerardi i that grades into 
codominance with scoparius. Soorobolus heteroleois or Rhus 
glabra, defines the basic composition of this type. Of 
intermediate importance, sometimes with the second or third 
relative abundance, are Bouteloua curtioendula. Junioerus 
communiSf and occasionally Prunus pumila. Helianthus 
occidental is and SiIphium laciniatum. Constant but with low 
abundance per sample are Carex spp., Amorpha canescens. 
Coreopsis palmata. Aster azureus^ A. sericeus. Solidaoo 
nemoralis. Petalostemum purpureum, Euohorbia corollata and 
Panicum perlongum. Stands belonging to this type are found 
under various grazing intensities, except the heaviest, and 
on any topographic position. As shown below, dominance by 
Androoooon gerardii in hill prairies of northeast Iowa is not 
associated with any of those habitat parameters. 
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Androooaon scooarius community type 
Andropoaon scoparius dominates this type, accounting, in 
some cases, for more than 80 % of the relative abundance in 
the stand. Occasionally, howeyer, it shares dominance with 
Andropoaon aerardi i. Sorohastrum nutans. Soorobolus 
heterolepis. Carex sp. or Rhus alabra. Constant, but of 
lower abundance, are Bouteloua curtipendula. Aster azureus. 
Aster sericeus. Solidaoo nemorali s. and Panicum perlonaum. 
These species and Helianthus occidentaliSp Juni perus 
virainiana. Carex sp., and Bouteloua hirsuta occasionally 
reach second or third place in relative abundance. Stands 
belonging to this type are found along the whole gradient of 
topographic positions. As shown below, dominance by 
Andropooon scooarius seems to be associated with intermediate 
grazing intensities. 
Bouteloua curtipendula-Soorobolus aff. vaoinif1orus community 
type 
Stands in which the structure of the vegetation has been 
significantly altered by heavy grazing are grouped in this 
type. Bouteloua curtipendul a and Soorobol us aff. 
vaginiflorus dominate especially on gravelly hill prairies. 
Dominance may shift to Junioerus virainiana or Jj_ communis in 
heavily invaded stands, or to Andropooon aerardii and to a 
lesser extent to Qj_ scooarius on less gravelly, relatively 
more sandy sites. Occasionally among the top three relative 
abundances are Rhus glabra. Helianthus occidentalis. Carex 
sp., Antennaria piantaainifolia. Aster ericoidesp Panicurn 
oerlonaum. Solidaao nemoralis. and Poa pratensis. Most of 
these, however, are normally present with high constancy but 
low abundance. This is the case also for Aster sericeus. 
Petalostemum purpureum. Amorpha canescens. Aster azureus. 
Linum sulcatum, Sporobolus heterolepis and Euphorbia 
corollata. 
Community Structure 
Species area relationships 
In Table S, species richness is listed for progressively 
bigger sample sizes in each community type. Richness was 
calculated as the average for each size (adding quadrats at 
random) over the samples of stands included in the types this 
is the same data set used to obtain dominance-diversity 
curves (see below). The number of species and standard 
errors stabilize at the same levels for the five types. 
Three models were fitted to the data for each community 
type, following Connor and McCoy (1979). Table 6 lists the 
parameters for an exponential model and a power model for 
which the best fits were obtained. Untransformed models give 
the worst fit and are not included. The parameter z, which 
is related to species richness (Poole, 1974), is higher for 
Table 5. Species richness with increasing sample area. Values 
are averages for all samples in the community type. 
(n= number of samples; community types: RG= Rhus 
olabra-Cornus racemosa, SH= Soorobolus heteroleois 
AG= Androooqon gerardi i. AS= Andropoaon scoparius. 
BC= Bouteloua curtipendula-Sporobolus aff. 
vagi niflorus) 
A R E A  ( m = )  
Comm. 
type n 12 3 456789 10 
RG 30 9. 10.0 14.5 16.7 18.7 20.1 22.6 24.0 24.8 25.6 26.2 
se 0.6 0.8 1.0 1.2 1.3 1.3 1.5 1.4 1.4 1.5 
SH 28 9. 10.0 12.9 15.2 16.3 17.3 19.3 20.6 21.4 22.2 23.1 
se 0.3 0.6 0.5 0.7 0.8 0.8 0.8 0.8 0.8 0.8 
AG 45 X 11.2 14.7 17.0 18.9 20.2 22.2 23.5 24.4 25.1 25.7 
se 0.2 0.6 0.6 0.5 0.5 0.6 0.6 0.6 0.7 0.7 
AS 58 R 10.2 14.2 16.2 17.9 19.0 20.8 21.9 22.6 23.1 23.7 
se 0.3 0.5 0.6 0.6 0.6 0.7 0.8 0.8 0.8 0.8 
BC 43 9. 10.7 14.8 16.7 18.5 19.8 22.1 23.2 24.5 25.4 26.2 
se 0.4 0.6 0.6 0.6 0.6 0.7 0.7 0.7 0.7 0.7 
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Table 6. Best fit exponential and power models for the 
increase in the number of species with area in 
the community types described in the text. 
Parameters for both models are as in Connor and 
McCoy (1979). Community types as in Table 5. 
M 
S " log(kA*) S = kA» 
Communi ty 
type k z R= k s R= 
RG 2.29 16.71 0.99 11. 61 0. 42 0.99 
SH 1.29 13.28 0.98 9. 86 0.36 0.99 
AG 7.24 13.77 0.93 11. 56 0.34 0.94 
AS 8.83 13.74 0.99 10. 66 0.36 0.99 
BC 7.69 15.70 0.98 10. 72 0.38 0.99 
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the Rhus glabra-Cornus racemosa type, and for the Bouteloua 
curtipendula-Soorobolus aff. vaainiflorus type in both 
models. 
Domi nance-di versitv structure 
Figure 4 illustrates dominance-diversity (DD) curves 
(Whittaker, 1965) for the five community types. The DD 
curves are broadly similar for the five community types in 
that more than 3/4 of the species are below the 1% level of 
relative cover (and are not shown in Figure 4). The pattern 
of descent from the most abundant species (over 10% relative 
cover) to the less abundant extreme (1% relative cover), 
however, appears to be different. Both the Rhus 
glabra-Cornus racemosa (RG) and the Bouteloua 
curtipendula-Sporobolus aff. vaainif1orus types (BC) seem to 
approach a geometric series, which, according to Whittaker 
(1965, 1972), commonly occurs in communities that have 
rigorous environments and relatively few species. 
The extreme conditions posed by heavy grazing seem to be 
related to the geometric pattern prevalent on the BC 
community type. Nevertheless, and as indicated by White 
(1983) for Iowa tall grass prairie, species richness seems to 
be higher than for communities typically exhibiting a 
geometric series of relative abundances. 
The shape of the DD curves (Figure 4) changes when they 
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Figure 4. Dominance - diversity curves for community types in hill prairie 
vegetation from northeast Iowa; RBs Rhus glabra - Cornus 
racemosa type, SH: Sporobolus heteroleois type 
AG: Andropogon gerardii type, AS: Andropooon scoparius type, 
BCi Bouteloua curtipendula - Sporobolus aff. vaginiflorus 
type 
i 
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are compared in a sequence from the Andropooon scoparius 
community type, followed by the Qls, aerardii type and 
culminating in the Soorobolus heteroleois type. These curves 
tend to a log-normal kind of series, as the vegetation 
becomes more like natural conditions with lower levels of 
grazing pressure. A steepening of the DD curve is to be 
expected as the vegetation approaches a successional stage 
dominated by woody species (Whittaker, 1972), here 
represented by the RG community type. 
Species diversity for the five community types is 
expressed in several ways in Table 7. Average species 
richness, an expression of alpha diversity (Whittaker, 1972; 
1977), was calculated over the samples included in each type. 
Point or small-plot diversity was obtained by averaging the 
number of species present in the ten 1 m= units included in 
each sample. As an expression of "internal beta" or pattern 
diversity, the average number of species added by the second 
subset of five 1 m= plots is also included. No correlation 
(Spearmann rank) was found between number of species in the 
sample and distance between subsamples. In Table 7 are also 
listed three indexes that emphasize different components of 
diversity (Peet, 1974; Alatalo, 1981), together with average 
cover of woody species and average grazing index, all 
calculated over all the samples in each type. 
There is a general uniformity for the values of all 
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Table 7. Species diversity, grazing index and total cover 
of woody species for S community types of hill 
prairies from northeast Iowa. Community types as 
in Table 5. 
Community types 
Diversity RG SH AG AS BC 
Average species R 25.9 23.0 24.9 23.7 26.3 
richness (10 m®) 
SE 1.5 0.2 0.8 0.8 0.7 
Average number of R 10.0 10.0 11.1 10.3 10.6 
species per 1 
square meter SE 0.6 0.1 0.2 0.3 0.4 
Average number of R 6.2 5.8 5.3 4.7 6.3 
species added by 
2nd 5 m® subsample SE 0.6 0.1 0.4 0.3 0.4 
Simpson diversity R 0.20 0.22 0.26 0.28 0.23 
index 
(Simpson, 1949) SE 0.02 0.002 0.17 0.02 0.01 
expH' (Peet, 1974) R 9.0 7.5 7.8 7.6 8.1 
SE 0.6 0.1 0.4 0.5 0.4 
Evenness index R 0.61 0.58 0.51 0.53 0.60 
(Alatalo, 1981) 
SE 0.02 0.003 0.02 0.02 0.08 
Average total cover R 484.0 113.0 95.0 79.0 120.0 
of woody species 
(dm®) SE 48.6 3.7 16.6 13.8 22.4 
Grazing index x — 585.0 518.0 404.0 175.0 
(Dix, 1959) 
SE — 3.4 16.8 14.0 31.4 
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diversity expressions included in Table 7. However, average 
species richness, average number of species added by the 
second subsample, exp H' and evenness were slightly higher in 
both the Rhus glabra-Cornus racemosa type, and Bouteloua 
curtioendula- Soorobolus aff. vaoiniflorus type. Since the 
average number of species per 1 m®, and Simpson's diversity 
index, have similar values for the five community types, the 
higher values in those types must be attributed to a 
diversity component related to pattern within the stand 
rather than to microsite variability. Those higher values in 
the types at both extremes in Table 7 can be associated with 
correspondingly higher values for cover of woody species and 
the drop in the grazing index. 
As shown in Table 8, the total number of species per 
sample was significantly but weakly correlated with woody 
species cover. There was no correlation between the number 
of species in a sample and the cover of Rhus glabra for those 
stands classified as RI in Table 1. However, the cover of 
Rhus glabra was negatively correlated with the average number 
of species present in one square meter, and with the 
magnitude of the grazing index. 
Effect of topograohv 
To test for the general effect of topography on the 
structure of the vegetation, a paired comparison was 
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Table 8. Correlations between abundance of 
species, species richness and graz 
index 
woody 
ing 
Correlated 
variables 
r P-value 
Total cover 
woody speci 
of 
es* 
* Total number 
of species 
0.36 < 0.01 
Rhus Glabra 
cover 1 
* Total number 
of species 
MS 
Rhus alabra 
cover 1 
* Grazing index - 0.43 < 0.01 
Rhus alabra 
cover 1 
* Average number 
of species/one 
square meter 
- 0.23 < 0. 05 
Distance between * Total number 
subsamples of species 
— — NS 
Only samples from stands classified as RI (Table 1) 
were included in the calculations. 
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performed of stands lying in upper topographic positions 
matched with those in low topographic positions (Table 9). 
The pairs were carefully selected to keep the relative 
position on the slope as the only complex factor 
differentiating the elements in the pair. Only the number of 
species in a sample, the cover of Androoooon oerardii. and 
three parameters related to soil texture were significantly 
different for the contrasting topographic positions. 
Distribution of Dominant Species 
I tested for association between three different 
topographic positions, four categories of aspect, and four 
levels of grazing intensity, and the frequency of dominance 
by the four main grasses and for Rhus glabra, the main 
shrubby invader. There was no association between species 
distribution and topographic position or aspect, except that 
Sporobolus heterolepis showed a preference for upper 
topographic positions (Table 10), 
Slope inclination and relative topographic position 
greatly affect the amount of moisture available at a site. 
Steep, upper slopes can be expected to hold minimum amounts 
of moisture, while low, gentle slopes will be more moist. To 
test for association between an expression of moisture and 
the distribution of dominant species, the following five 
categories were used (Ayyad and Ammar, 1974). The first 
Table 9. Paired comparisons (Wilcoxon Signed Rank; 
16 pairs) between upper and lower topographic 
for species diversity, cover of vegetation 
and soil characteristics 
M E D I A N  
Variable UPPER LOWER P-value 
Number of species 26.5 23.5 <0,05 
in sample 
Average number of 10.8 10.5 NS 
spp. in 1 m= 
Total vegetation 758 663 NS 
cover (dm=) 
Total cover of 16 15 NS 
woody species (dm®) 
Andropoaon oerardi i 63 93 <0.05 
cover <dm®) 
Androaoaon scopari us 90 95 NS 
cover (dm=) 
exp H' 7.6 6.7 NS 
Evenness 6.4 4.7 NS 
Simpson's Index 0.24 0.27 NS 
Grazing index 489 326 NS 
Soil texture index 4.35 5.45 <0.01 
•/. Sand 68.7 76.9 <0.01 
% Clay 2.1 1.8 NS 
•/. Silt 29.1 23.3 <0.01 
Table 10. Frequency distribution of stands dominated by 
flndropoaon gerardi i ^ Androoooon scooarius. 
Sporobolus heteroleoisp Bouteloua 
curtipendula and invaded by Rhus glabra 
under three levels of grazing intensity, three 
topographic positions, and four aspects 
DOMINANT 
SPECIES 
Androoooon 
gerardi i 
Androoooon 
scooarius 
Sporobolus 
heteroleois 
Grazing 
intensity! 
H M L 
3 11 i; 
S= 
23 11 20 NS 
11 29 14 ** 
Rhus olabra* 8 18 4 ** 
Bouteloua 
curtipendula 15 0 0 ** 
Topographic 
position® Aspect 
U M L S= SE S SW W S= 
20 24 12 NS 3 11 19 15 NS 
19 18 22 NS 7 20 23 6 NS 
14 13 2 ** 6 7 12 6 NS 
16 18 5 NS 6 11 14 6 NS 
! Three levels of grazing intensity were formed from the 
grazing intensity scale (Table 2), pooling together levels 1 
and 2 (H= high), 3 (M® medium), and 4 and 5 (L= low). 
® U : upper; M : middle; L : low. 
® S : Significance of G-test (Sokal and Rohlf, 1981, 
page 692). 
NS : Nonsignificant. 
** : P < 0.01. 
• a P < 0.05. 
Include all stands not present in Rhus olabra-Sporobol us 
aff. vaoiniflorus type that have Rhus glabra among the three 
first relative abundances. 
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included steep slopes at upper positions; the second, steep 
slopes at middle positions and medium slopes at upper 
positions; the third, steep slopes at lower positions, medium 
slopes at middle positions and gentle slopes at upper 
positions; the fourth, medium slopes at lower positions and 
gentle slopes at middle positions; and the fifth, gentle 
slopes at lower positions. For this purpose, three relative 
steepness levels were obtained by subdividing the range of 
valuess 0 to 24%, gentle; 25 to 48% medium and 49 to 72% 
steep. 
Of the three dominant species included in Table 11, only 
SoorobPlus heteroleois stands show a pattern, which is an 
association with the drier sector of the gradient, especially 
in category 2 (steep slopes at middle positions or medium 
slopes at upper topographic positions). 
Andropogon aerardi i and Aj, scopar i us have different 
moisture preferences and occur in different proportions 
depending upon available soil moisture and other 
topographically related differences (Weaver and Fitzpatrick, 
1934; Bazzas and Parrish, 1982; Bliss and Cox, 1964). 
Andropogon aerardii occurs along the entire topographic 
gradient, reaching maximum biomass on lower slopes and level 
lowlands. Êa. scoparius disappears on moist lowlands and 
reaches maximums on hilltops. 
ZlZI 
Table 11. Association between moisture availability and 
dominance. Categories for moisture result from a 
combination of relative topographic position and 
steepness of slope as explained in text. Category 
1 corresponds to dry extreme of the gradient. 
Values on the body of the table are number of 
stands on each category. The P-value (P) is for 
the G statistic (Sokal and Rohlf, 1969) 
Species 
ftndropoqon aerardi i 
Andropooon scoparius 
Moisture availability 
1 2 3 4 5 p 
3 28 17 4 1 NS 
6 16 26 3 0 NS 
3 18 5 0 0 <0.05 
To find if similar patterns hold in individual 
populations along topographic gradients in northeast Iowa, 
the fluctuations in abundance of Andropooon aerardi i. A. 
scoparius. and Sporobolus heterolepis were recorded and 
plotted for all up-down topographic sequences of samples. 
The abundance at the higher level in the sequence was used as 
reference, and all the abundance values going downslope were 
registered and plotted as higher (+) or lower (-) than the 
reference. Figure 5 shows the 32 sequences that were 
analyzed. In Table 12, the number of sequences ending in 
values higher than, or lower than, the reference abundance 
are indicated. The same kind of analysis was performed for 
soil texture and percent content of sand. 
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Table 12. Number of downslope sequences in which 
AndroDOQon aerardii ^ Andropooon scoparius and 
Sporobolus heterolepis reach higher or lower 
cover values with respect to that at the origin 
of the sequence 
Species 
Number 
Higher 
of times 
Lower 
Andropooon aerardii 15 15 
AndroDoaon scoparius 27 26 
Sporobolus heterolepis 14 12 
There is no increasing or decreasing trend for any of 
the three species analysed. None of the species seem to be 
responding consistently to changes in topographic position. 
Soil texture and percent content of sand show a tendency to 
reach higher values downslope. In several cases, the texture 
index reached its lowest value at intermediate topographic 
positions. 
There seems to be an association between the dominance 
of Sporobolus heterolepis and the levels of grazing (grazing 
results are shown in Table 10); it seems to thrive better at 
lower grazing levels and upper topographic positions. 
Andropoqon scoparius seems to do better at intermediate 
levels of grazing intensity. It is probably outcompeted by 
Êa. aerardii at lower grazing levels, and it is severely 
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Figure 5. Abundance fluctuations of Sporobolus heterolepis 
(Sh), Andropooon oerardii (Ag), Androooaon 
scooarius (As) on downslope sequences of samples 
with respect to the initial level (il) in upper 
topographic position 
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reduced under heavy grazing conditions. Neither species of 
Andropoaon was associated with aspect or topographic 
position. Rhus glabra seems to be associated with 
intermediate levels of grazing intensity. 
On several occasions it was possible to get pairs of 
samples from grazed and ungrazed sites separated by a fence 
line. In all cases, one member of the pair was being grazed 
during the season when the sampling was done, and the other 
member had been ungrazed for a long time, probably more than 
10 years, as judged from evidence in the field and 
information from owners. 
Comparisons for 8 pairs of grazed-ungrazed stands are 
summarized in Table 13, Similarities (Jaccard and Sorensen, 
cited in Barbour gi. al., 1980) between subsamples from grazed 
stands were not significantly different from the same 
similarities between subsamples from nongrazed stands (Mann, 
Whitney, Wilcoxon test, cited in Gibbons, 1976). Therefore, 
direct comparisons are valid, without concern for internal 
variables. 
Comparisons of species richness at two levels, stand and 
point diversity, were not significantly different between 
grazed and nongrazed stands. Also, no definite tendency was 
shown by the indexes of diversity (exp H' and Simpson's). 
The values of the grazing index was systematically lower on 
grazed stands. The magnitude of the difference, however, can 
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not be related to any particular characteristic of the stand 
outside of species composition. 
Dominance rank comparisons between pair members were 
performed as recommended by Fager (1957). Most of the 
comparisons failed to reject the null hypothesis of no 
association between the sets of rankings of species common to 
both members of the pair. In other words, species dominance 
ranks were different between the matched pairs, and the rank 
orders are not detectably different from random orders. 
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Table 13. Paired comparisons between grazed <G) and nongrazed 
<NG) stands in northeast Iowa. Species richness 
(Spec, rich.) corresponds to the number of species 
in each 10 m® sample. Point diversity corresponds 
to the average number of species in 1 m= by sample. 
Dominance rank comparisons (Dom. Rank Comp.) were 
made using species present in both members of the 
pair (Fager, 1957) 
Spec. 
rich,* 
Point 
diver.® exp H' Simpson s 
Grassing 
i ndex Dom. 
Rank 
Comp. Pair G NG G NG G NG G NG G NG 
1 23 22 11 8 3.0 2.3 0. 12 0.22 288 594 NS 
2 23 25 6 11 2.0 2.7 0.32 0. 15 132 415 NS 
3 26 22 8 12 2.0 2.5 0. 42 0.20 -157 685 NS 
4 34 34 10 11 2.7 3. 1 0. 15 0. 12 -163 336 NS 
5 31 26 13 10 2.6 2.9 0.21 0.25 367 660 NS 
6 32 29 14 11 2.5 2. 1 0.24 0.29 410 686 P<0.05 
7 18 22 10 11 2.4 2.0 0. 18 0.45 97 517 P<0.05 
8 14 27 7 11 1.8 2.0 0.44 0.47 340 409 NS 
Wilcoxon Signed Rank nonsignificant. 
® Kendall Tau Statistic. Result for dominance rank 
comparisons. 
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DISCUSSION 
The results of this investigation indicate that 
northeast Iowa hill prairies are part of a vegetational 
continuum that connects them to the tall grass prairie 
communities previously described for the state. Most of the 
species are the same, and the dominants are normally those 
reported for the original tall grass prairie. Ordinations 
indicate clearly a dry to mesic complex gradient underlying 
the patterns of structural organization in Iowa prairies. 
Hill prairies make up the driest end of the gradient. The 
most extreme stands correspond to overgrazed hill prairies, 
in which the vegetation is presumably under conditions of 
maximum stress. The same relative position in a gradient of 
prairie communities has been reported previously for hill 
prairies in Wisconsin (Curtis and Greene, 1949; Curtis, 1955, 
1959). 
Northeast Iowa hill prairies fit well in the coenocline 
described by White and Glenn-Lewin (1984) for tall grass 
prairie from Iowa and eastern Nebraska. The hill prairies 
complete the spectrum of variation without altering the 
relative position of the community types described by them. 
The connection is made through stands dominated by Andropogon 
scooarius, A. oerardii. and Soorobolus heterolepis. Glacial 
gravel prairies described by White and Glenn-Lewin (1984) are 
also in the dry extreme, but become distinguished from hill 
prairies in a second dimension, probably reflecting 
geographical separation. 
The uniformity that characterizes hill prairies from 
northeast Iowa is reflected in the shifts of dominance among 
a very few species. The recognition of vegetation types is 
to a certain point arbitrary because of the variation that is 
unavoidably hidden in a classification. It is, however, a 
useful way of summarizing information, and since the types 
were generated from the ordinations and are recognized in 
terms of the dominant species, they are a reflection of what 
is happening in nature, which is a highly desirable property 
for any classification (Greig-Smith, 1983) 
The ordination analysis of hill prairies in northeast 
Iowa reveals the importance of woody species abundance and 
the influence of grazing on stand composition. The effect of 
woody species abundance is clear at both extremes of the 
primary gradient. In those stands developing toward dense 
shrub communities, there is usually a phase of invasion by 
Rhus glabra, and occasionally other shrubs and vines. The 
end result of the invasion is a nearly closed shrub 
community. The invasive process seems to be accompanied, in 
its initial phase, by a reduction in point diversity (at 1 m= 
scale) without a reduction in alpha diversity. The dense 
shrub community can have a much lower average point diversity 
than prairie on stands dominated nearly exclusively by Rhus 
glabra. Substantially higher values were registered on more 
heterogeneous dense shrubby stands with more species in the 
upper canopy or with gaps. 
Weaver (1968), describing the prairie—forest ecotone, 
mentions thickets of Rhus glabra and other shrub species that 
outcompete grassland species. He points out that the 
extension of trees into true prairie is almost always 
preceded by shrub communities. He states, however, that the 
invasion by shrubs can be reversed depending on the weather 
conditions, with grasses regaining control of the invaded 
area after dry years. 
Weaver (1968) mentions thickets that develop in ravines 
in true prairie. The same kind of community develops in 
ravines associated with hill prairies in northeast Iowa; this 
is the dense shrub Rhus olabra-Cornus racemosa community type 
in this study. Together with the forest border, this 
community seems to be the main source of propagules for the 
woody invasion of the prairie. 
In the overgrazed extreme, most of the woody invasion is 
done by Juniperus virginiana and Juni perus communi s. These 
seem to be particularly well-suited to the conditions 
prevailing under heavy grazing. Also, dispersal 
characteristics of these species allow them to generate waves 
of invasion, taking advantage of the openings created by 
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cattle (see Section III). 
Bouteloua curtioendula. which usually dominates in the 
lower layer, is an "increaser" under heavy grazing conditions 
(Weaver, 1968). Rhus glabra is also an invader under 
grazing, but its impact is less than that of both Junioerus 
spp. The clear separation of two groups of stands in the 
Sporobolus heterolepjs community that differ widely in their 
woody species abundance, is further evidence of the influence 
of woody species on vegetation structure. 
Those hill prairies in which the invasion by Junioerus 
virainiana is well underway probably could be considered an 
expansion of the red cedar glades described by Curtis (1959); 
most of the species in the lower stratum of red cedar glades 
are those normally found also on hill prairies. 
The uniformity between community types defined in this 
study is evident when diversity relations are considered. 
There is, however, a tendency toward higher diversity at both 
extremes of the community gradient, apparently related to 
pattern within the stand. Similar results were obtained for 
parameters related to species number in the species area 
models. This tendency is clearly associated with the 
abundance of woody species in the sample and with grazing 
pressure. A positive correlation between total cover of 
woody species and total number of species, and a negative one 
between point diversity and cover of Rhus glabra, add support 
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to the postulated pattern effect on diversity. Similarly, 
dominance-diversity curves show a geometric model for both 
extremes but intermediate models on the other three 
communities. A similar trend has been reported for 
intermediate successional steps in old fields being invaded 
by woody species (Whittaker, 1972). The tendency toward 
log-normal was most notable in the Soorobolus heterolepis 
community which, as suggested below, is probably the 
community that is closest to natural conditions. 
If aspect is more or less the same, topography can be 
postulated to be the most influential factor determining 
structure on hill prairies, through its effect on moisture 
availability. Paired comparisons between upper and lower 
topographic positions indicate higher species richness 
(number of species in a sample) in upper topographic 
positions, higher cover of Androoooon oerardii at lower 
topographic positions and higher soil texture, per cent sand 
content, and per cent silt content in lower topographic 
positions. 
Direct comparisons of pairs of adjacent grazed and 
ungrazed stands did not detect differences in diversity as 
measured by species richness or diversity indexes. The 
rankings of dominance (Fager, 1957) are, however, 
significantly different in most of the cases. Thus, grazing 
affects species composition, but not, apparently, the 
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diversity structure of hill prairies. 
Weayer and Fitzpatrick (1934) and Weaver (1968) 
indicated that Andropooon aerardi i. A. scooarius and 
Sporobolus heteroleois have different habitat preferences. 
Andropoaon aerardii is associated preferentially with lower 
slopes where it can (apparently) outcompete ôi. scooarius 
because of the former's greater size and deeper root system. 
A, scooarius. however, seems to be better adapted to upper 
slopes; it has a more superficial root system and lower size. 
If the habitat preferences are universal, then the same 
trends would be expected on hill prairies, where topographic 
differences are substantial. However, only in the paired 
comparisons test was the abundance of Andropoaon aerardi i 
significantly higher at low topographic positions. However, 
across the entire hill prairie data set, dominance by this 
species is not associated with any particular topographic 
position nor with moisture availability as indicated by 
topographic position and slope combined. The same series of 
tests showed no significant differences for abundance and no 
association of Andropoaon scooarius dominance with the same 
environmental factors. Dominance by Sporobolus heterolepiSf 
however, was significantly associated with upper and medium 
topographic positons and with relatively low levels of 
moisture availability. Dominance by any of the three grasses 
was not associated with aspect. In addition, no pattern of 
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changing abundance emerges from a series of samples arranged 
from upper to lower topographic positions for any of the 
three dominant grasses. The number of times that sequeneces 
ended in higher abundance values downslope were nearly equal 
to the number of times the reverse was true. 
Invasion by Rhus glabra seems to be associated 
preferentially with medium and upper topographic positions, 
but not with aspect. 
Dominance by Andropooon aerardii was not significantly 
associated with grazing intensity. Êj. scooarius becomes 
dominant under intermediate grazing levels. Sporobolus 
heteroleois dominance is associated with low-to-medium 
grazing intensities. Dominance by Bouteloua curtioendula was 
associated with high levels of grazing. Invasion by Rhus 
glabra was associated with medium levels of grazing. 
The following general conclusions summarize the findings 
of this study: 
a) Hill prairies from northeast Iowa are part of the 
continuum of tall grass prairie vegetation in the state, 
extending the continuum at the dry end. 
b) Hill prairies in Iowa seem to have the same basic 
structure as hill prairies in Wisconsin, Illinois and 
Minnesota. 
c) Iowa hill prairies have the same floristic elements 
as tall grass prairie, but the dominance structure seems to 
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be determined primarily by factors other than those of the 
physical environment; history and present levels of grazing 
seem to be especially important. 
d> The expression of dominance by the three most 
important grass species on hill prairie stands shows the 
following characteristics: 
1) Andropooon oerardii can dominate under any 
condition of topographic position, aspect, moisture 
availability and grazing intensity. 
2) ftndropogon scoparius dominates under 
intermediate levels of grazing and any condition of 
topographic position, aspect, and moisture availability. 
3) Sporobolus heterolepis seems to be restricted 
to sites with low grazing intensity, upper topographic 
positions, and low moisture availability, but has no aspect 
preference. Dominance by this grass seems to define the 
community that is apparently most similar to natural 
conditions and probably to the structure of the original 
vegetation. 
e) The effect of grazing on community structure affects 
mainly the dominance structure within the community rather 
than diversity. 
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SECTION II. 
THE HILL PRAIRIES OF NORTHEAST IOWA: II. PATTERNS 
IN THE RED CEDAR INVASION PROCESS 
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INTRODUCTION 
The present wide distribution of eastern red cedar, 
Junioerus virainiana. results from its ability to withstand 
extremes of drought, heat and col dp and from the absence of 
fire, to which it seems to be extremely sensitive (Harper, 
1912; Powells, 1965). It has been classified as a shade 
intolerant species that can outcompete hardwoods on thin, dry 
soils, but it is usually replaced by hardwoods on better 
sites (Powells, 1965). 
Eastern red cedar is recognized as an early invader in 
secondary succession on abandoned, unburned fields and on 
overgrazed pastures (Costing, 1942; Braun, 1950; Powells, 
1965). The extreme habitat conditions prevailing on bluffs 
and rocky outcrops, one of the natural habitats of red cedar, 
are in many respects similar to those in abandoned, 
overgrazed and sometimes severely eroded pastures (Ormsbee gt. 
al. , 1976). 
Overgrazing and abscence of fire are frequently 
mentioned as the factors associated with the expansion of red 
cedar populations into prairie. Kucera and Martin (1957) and 
Kucera (1960) concluded that suppression of fire was 
responsible for invasion by red cedar and other woody 
vegetation into the open glades in southwest Missouri Ozarks. 
Curtis (1959) attributed to the effect of fire the restricted 
occurrence of cedar glades in Wisconsin. Anderson and 
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Schwegman (1971) report tree death and total elimination of 
seedlings of red cedar by prescribed burning in Illinois. 
Bragg and Hulbert (1976) reported a direct relationship 
between fire supression and invasion by red cedar, smooth 
sumac (Rhus glabra) and other woody species into prairies in 
northern Kansas. The rate of invasion was influenced by 
soils and topography, and reached comparatively high values 
on steep, rocky soils. Annala gt, al. (1983) and Annala and 
Kaputska (1983) document the reduction of area in unburned 
Ohio prairies that were being encroached by Junioerus 
virainiana and other woody species. 
Evers (1955) remarked on the extraordinary capacity of 
hill prairies to resist and recover from grazing. That does 
not seem to be the case, however, when grazing is accompanied 
by Junioerus virainiana invasion. Of 446 hill prairies 
examined in Illinois (Nyboer, 1968), 319 were disturbed by 
grazing, and Junioerus virainiana and Rhus glabra were common 
invaders in these; some of the heavily grazed prairies were 
nearly covered by Junioerus virginiana. Kaul al.. (1980) 
reported increases in the number of red cedar trees, and all 
degrees of canopy closure, associated with grazing and fire 
suppression on steep, calcareous slopes in northern Kansas. 
The effects of fire and grazing on the expansion of 
Junioerus virainiana populations have to be understood in 
terms of its life history characteristics. Holthui.lzen and 
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Sharik (1984) explained the rapid expansion of red cedar into 
New England pastures by a combination of avian dispersal and 
tolerance for xeric conditions. They pointed out the 
differences between red cedar and other early successional 
woody species that combine wide dispersal and prolonged 
dormancy in abundant seed banks as a means to colonize 
unpredictable habitats. The evidence they provide points to 
the unimportance of the seed bank in the regeneration of red 
cedar, apparently a consequence of the rapid loss of 
viability of seeds due to biochemical degradation of seed 
tissue. Experiments conducted by Livingston (1972) on New 
England pastures led him to conclude that stones provide safe 
sites for establishment and protection from trampling for 
Junioerus. Birds drop seeds on stones, and the seeds are 
washed downward and become implanted in frost-heave cracks 
where there is moisture during the necessary stratification 
period. Also, seedlings growing in cracks are under the 
influence of a stone microwatershed that may provide 
increments of water that allow them to overcome drought 
periods. Livingston (1972) attributes to the double 
stratification required by communis its lower colonization 
capacity compared to that of ÇL. virainiana. Red cedar, 
according to Livingston (1972), has less stringent 
germination requirements and it is possible for its seed to 
germinate even when surface planted. Parker (1952), 
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experimenting on red cedar plantings, recommended seedling 
protection from drying out during its first year, and 
referred to other authors who also stressed the need for 
protection by shading during the first year after 
germination. 
Different degrees of aggregation and scales of pattern 
are to be expected from the particular characteristics of red 
cedar dispersal and establishment. Sociological and 
environmental kinds of pattern usually attributed to 
dispersal and habitat conditions (Kershaw, 1960, 1963) can be 
recognized by the use of transects or mapping techniques 
(Greig-Smith, 1983). The degree and kind of pattern change 
with successional stages, including a significant drop in 
aggregation toward more stable stages; the evidence is, 
however, scarce (Greig-Smith and Kershaw, 1958). Yarranton 
and Morrison (1974) attribute to Junioerus viroiniana a role 
as a center of establishment for the subsequent growth of 
patches of persistent species in the "nucleation" process 
during sand dune succession. 
The general objective of this study was to characterize 
the invasion process of Junioerus viroiniana on hill prairies 
of northeast Iowa. Age and size distributions are considered 
in conjunction with spatial distributions, and relationship 
of these to habitat factors, particularly grazing history. 
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Study Sites 
This study was done on hill prairies located on the 
Paleozoic Plateau of northeast Iowa. Characteristics of the 
area and descriptions of its geology, climate and soils are 
given in Section I. 
Five areas on three hill prairies were selected for 
sampling. The selection of sites was done to obtain 
representative areas of the various ecological settings in 
which invasion by Juniperus virainiana takes place. Included 
are areas that at present are heavily grazed and under active 
invasion by red cedar, intermediate areas protected from 
grazing for more than 10 years, and at the extreme, an area 
on which the encroachment process has culminated in total 
closure in the form of a young, dense monospecific Junioerus 
virainiana forest. 
Characteristics and reference keys for the sample areas 
are: 
di At the center of a prairie of approximately 6 ha, 
with average slope of 56%. A disruption divides the prairie 
into two portions. The upper sector is stony, exposed and 
has thin soil. It occupies roughly 2/3 of the total area of 
the prairie. More than 1/2 of the upper sector is covered by 
prairie grasses and forbs interspersed with Rhus glabra at 
various levels of aggregation. The lower sector, of lower 
average slope (36%), has a deeper, more sandy soil. Rhus 
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glabra and Juniperns virainiana are less abundant. This 
prairie has been protected from grazing for 15 years. 
ÊÏ Three sectors from this prairie were included: 
Ci .-a grassland invaded by Juniperus communis 
and Juniperus viroiniana, with low cover of prairie grasses 
and forbs in the openings. It is located on a middle/upper 
topographic position with 32% average slope, and thin stony 
soi 1. 
Ca on a middle/upper topographic position, 35% 
average slope, on thin and stony soil, and more than 90% 
covered by Juniperus viroiniana trees. 
C3 .-on middle/upper topographic position, 26% 
average slope, on thin stony soil, mostly covered by prairie 
grasses and forbs, and spotted with Juniperus virainiana of 
different sizes. 
Q: on a middle/lower topographic position, 31% average 
slope on stony soil, with reduced grass cover and forbs 
scarcely present because of heavy grazing, and abundant 
Juniperus virainiana. mostly young, spread all over the area. 
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METHODS 
Spatial Pattern 
All individuals of ^  viroiniana in plots of 30 x 20 m 
or 20 X 20 m were mapped using a rectilinear coordinate 
system. The following areas were mapped by site; the number 
of trees recorded are indicate in parentheses: H: 9100 
(352); 0: 400 m= (215); C» » 600 m= (49); CaJ 400 m= (65); 0=: 
600 m= (117). The sampling area in H was organized into 
three transects 30, 30 and 20 m wide by mapping contiguous 
plots. The two 30 m wide transects were parallel and were 
combined for part of the analysis. The three transects were 
oriented with their large dimension running downslope. They 
were placed covering the whole width of the prairie. 
Frequencies of trees in 1 m® plots placed on the maps 
were tested for goodness of fit with expected frequencies 
from the Poisson distribution for the detection of 
randomness. A variation of the nested quadrat technique 
(Greig-Smith, 1983) was used to detect scales of pattern 
(Veblen, 1979). Morisita's (1959) index and an F test were 
used to determine the departure from a random distribution 
(Veblen, 1979). The index was computed for quadrats of 
increasing size; 0.25, 0.50, 1.00, 1.50, 2.25, 3.00, 4.00, 
6.25, 9.00, 16.00, 25.00 m= for Ci, Ca, C3 and 0. For H the 
analysis was conducted on both 30 m transects combined using 
the following quadrats sizes: 0.25, 1, 4, 9, 16,, 25, 36, 49, 
64, 81 and 100 m=, and for the 20 m wide transect: 0.25, 1, 
4, 9, 16, 25, 36, and 49 m®. The originals were grouped into 
perfect squares to avoid fluctuations in the index that may 
result from changes in the shape of the blocks of quadrats 
(Pielou, 1977). 
One hundred and sixty-two young trees growing in one of 
the plots in H that had 40-50% cover of Rhus glabra were 
scored for whether they were growing in the open or under 
shrub cover. If they were under a shrub, its species was 
recorded and if they were associated with a stone or rock, 
that also was noted. 
Age and Size Structures 
Size and age structures were described by frequency 
distributions. Nine hundred and forty-two trees were 
measured and aged, 890 by counting growth rings on basal 
sections of the stem or, for a few of them, on cores obtained 
at 25 cm from the base. A correction factor of 5 years was 
used for the cores. False rings were determined according 
to the reccomendations of Kuo and McGinnes (1973). The age 
of 52 trees was determined from regressions of age on height. 
Height was measured for all trees in the field from the 
ground to the tip of the leader. Basal stem diameter was 
measured for 727 trees. Maximum crown diameter and the 
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corresponding perpendicular dimension of the crown was 
measured on 352 trees. 
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RESULTS 
Spatial Pattern 
The distribution maps of Junioerus viroiniana are shown 
in Figure 1. Those obtained in site H followed nearly the 
same pattern as in C» (Figure 1) and therefore were omitted 
here. 
Frequencies of trees in 1 m= quadrats were tested for 
goodness of fit with the Poisson distribution using the whole 
sampled area for Ci, Cg, Cs, and 0. The same analysis was 
performed in H for the three transects independently and by 
plots of 30 X 20 m and 20 x 20 m. For all the cases except 
Ci and Ca, the null hypothesis of random distribution was 
rejected in favor of an aggregated pattern of distribution of 
the individuals (X== 4.71, 5.72, 18.84, 21.04, 22.55, 28.80, 
31.06; P<0.05). Ci, which has abundant ^  communis and Ca, 
which is the closed, dense forest of young red cedar trees 
failed to reject the null hypothesis <X== 1.19 and 1.33 
respectively; P>0.0S). 
Morisita's index of aggregation is plotted against 
increasing quadrat size in Figure 2. Stands C», H, and 0 
exhibit a strong tendency to aggregation at all quadrat 
sizes, reflecting different scales of clumping typical of a 
young population where intraspecific competition is minimal, 
and self-thinning, if present, proceeds at a very slow pace. 
I 
I 
0 
1  2  m  
Figure 1. Maps of Juniparus viroiniana in plots C», Ca, C, and 
Figura 2. Value* of Morislta's index at different quadrat 
sizes. Solid symbols are Id values significantly 
>1.0 <P<.OS> according to an F teat of Morisita 
(1959). The dashed lines at 1*=! represent the 
index value for random spatial distributions 
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Cl shows aggregation at quadrat sizes lower than 1 m= and a 
random tendency for higher sizes. This contrasts with stands 
Cai, H, and 0, and reflects the influence of J uni per us 
communis on the establishment of Junioerus virainiana. Young 
red cedars grow between the branches, at the border of the 
dense mats of Juni perus communis, or between the mats, 
generating a pattern of broad circles, which is discernible 
in Figure 1. Ca has a pattern of dispersion not 
significantly different from random for all the quadrat sizes 
analyzed. In this stand, self-thinning has proceeded to a 
stage where large trees are not clustered, approaching a 
typical forest structure with the upper canopy complete and 
closed. 
To assess pattern at a scale of the whole prairie 
(environmental pattern), fluctuations of density in 
systematically placed samples from upper to lower topographic 
positions were plotted. Density values (number of 
individual3/m=) for successive 5 x 60 m plots (longer 
dimension placed perpendicular to slope direction), from the 
two 30 m wide transects from stand H combined, were plotted 
to get Figure 3. The curve in Figure 3 indicates maximum 
densities at intermediate topographic positions, which 
corresponds to a section being invaded by Rhus glabra. Both 
the upper and exposed, and the lower topographic extremes 
have lower densities. 
100 d 
Up Down 20 
POSITION IN TRANSECT . 
Figure 3. Density fluctuation# in an up-down transect in H. 
d is density in number of individuals/m= 
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The possible association between Rhus glabra and 
establishment of Junioerus viroiniana was investigated for 
the trees growing in this section being invaded by Rhus 
glabra. In Figure 4 percentages of trees growing without 
cover, shaded by Rhus glabra only, or by Rhus glabra and 
other woody species are presented. Twenty three percent of 
the trees were growing without any cover or shading from 
other woody species. The remaining 77% was growing under 
Rhus glabra alone or mixed with other woody species. 
Age and Size Structures 
Age class distributions of Junioerus viroiniana are 
shown in Figure 5. Each age distribution is a reflection of 
the different characteristics of each stand. Only those 
stands from prairie protected from grazing for more than 10 
years (H and Cs in Figure 5) show fairly similar shapes of 
their histograms. Stands H and Cg are similar in having 
maximums at 8 to 14 age classes, both are unimodal with 
decreasing frequencies for older and younger classes. Stand 
0, a presently overgrazed prairie, exhibits higher frequency 
at the youngest age class than the other stands. It is the 
only stand that shows significant establishment of red cedars 
in the most recent three year period. For all the other 
stands, frequency maximums are at older age classes. This 
difference in establishment between the overgrazed stand 0 
A B C D E 
Figure 4« Frequency of young Junioerus viroiniana 
under shade of woody species or without any 
coverage in a section from stand H. A: Rhus 
glabra only, B: Rhus glabra and others 
(Celastrus scandens. Vitis rioaria. 
Cornus racemosa. Betula oaovrifera in 
different proportions); Ci Others 
(Celastrus scandens. Vitis rioari a. 
Cornus racemosa); D: Betula 
oaovriferas E: Open, no shading effect; 
Ft All affected by shading 
Figure 5. Age class frequency diagrams for Juniperus viroiniana 
in plots Cx, Cz, Cs, H and 0 
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and all the others is remarkable. The age distribution from 
0 could be interpreted as the older half of any of the other 
histograms. It is obvious that grazing creates opportunities 
for establishment of red cedar. 
Low recruitment in the most recent years is extreme on 
H; only one individual was recorded for the 1-3 year age 
class in an area approximately 15 times larger than in the 
other stands. Ci, Ca and Ca also contrast with one another, 
even though they are in the same prairie. C», on which J. 
communis is important, does not have individuals in the 
youngest age class. Ca has recruitment in a spatial gap, and 
a few individuals under dense shade. Stand C» has more than 
5 % in the youngest age class. The proximity of C3 to Ca 
(the closed J_^ viroiniana stand) means that there is * 
substantial seed source for Cs. This proximity does not seem 
to affect Ci, however, which is also a neighbor to Ca. The 
magnitude of the seed source influence of Ca on Ci and C3 
could only be assessed by monitoring seed rain and seed banks 
in both Ci and Cs, simultaneously. On the other hand, the 
effect of communis, which is abundant in Ci and absent in 
Ca, is probably significant. 
A fence line separating C* and Ca from Cs, evident on 
aerial photos from 1957 but not present today, is probably 
the best explanation for the contrasting structural 
differences between them. Different grazing pressures on 
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both sides of the line could have determined massive 
establishment of viroiniana and communis on one side 
and slow invasion in the dense (unburned) prairie (Ca) on the 
opposite side. 
An alternative explanation for the reduced rates of 
invasion in the protected <0») prairie may be differential 
grazing by small rodents. Exclosure experiments in heathland 
vegetation in Europe have demonstrated that small rodents get 
better protection from predators in protected, dense, 
vegetation. This, in turn, significantly increases grazing 
pressure on seedlings of Juniperus spp. (M. Werger, Dept. of 
Plant Ecology, University of Utrecht, The Netherlands, pers. 
comm.). This possibility needs to be investigated in 
northeast Iowa. 
Cx and Ca, even though on the same side of the old 
fence line and therefore having the same grazing history, 
have maximum frequencies at the 20 and 26 age classes 
respectively. Since for both stands, age for older trees was 
determined from regressions of age on height, if there is a 
plastic response to intraspecific competition in Cz, then 
ages in that stand would have been overestimated. To test 
for this effect 28 trees older than 15 years, growing free 
from interference on other prairies, were compared with 51 
growing in Ca for the height/basal stem diameter ratio. The 
average value of the index was significantly higher (t-test; 
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p< 0.001) for Ca (5?« 36.47) than for the other group (x= 
27.7). There seems to be, then, an indication of plastic 
response to intraspecific competition and therefore an 
overestimation of ages for the forest <Cz) stand. This 
comparison, however, could be questioned because individuals 
from other prairies, with unknown differences in growing 
conditions, were used. Thus, the reason for the age class 
differences, if any, between C» and Ca is unknown. 
Height frequency distributions (Figure 6) are unbalanced 
toward the smaller size classes in 0, H, and Cs. For 0 
(currently grazed), this coincides with the higher 
frequencies for the young age classes. In H and C^, it is 
probably associated with the high variation that height has 
for older age classes, as shown in the plot of height vs. age 
in Figure 7. The local peak at the 2nd height class in the 
closed stand (Ca) is probably due to several individuals in a 
canopy gap. The irregularity evident in the histogram for Ci 
probably reflects the influence of Jj. communis on J. 
virainiana establishment. 
The relationship between height and age is shown for 
three stands as plots and regression lines (log» expressions 
of power models) in Figure 7. Although size and age are 
statistically correlated, there is considerable variation in 
the relationship mainly due to even aged groups exhibiting 
different growth rates. 
Figure 6. Height frequency diagrams for 3uniperus virainiana 
in plots Cx, Cz, C,, H and 0 
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Figure 7. Relationship of aga (yr#> to height (cm) for 
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DISCUSSION 
The spatial patterns and age distributions for Juni perus 
virainiana indicate its highly invasive potential in 
northeast Iowa hill prairies. This potential seems to have 
been realized since the introduction of cattle and suppresion 
of fire on the prairies (Kucera, 1960; Kucera and Martin, 
1957; Bragg and Hulbert, 1976). 
The magnitude and direction that the invasive process 
takes greatly depends on the characteristics of the site. 
The aggregate pattern seems to be both sociological and 
environmental (Kershaw, 1960). Dispersal by birds, and 
microhabitat conditions related to stones, seem to provide a 
satisfactory explanation for the fine grained pattern (sensu 
Pielou, 1977) in the overgrazed prairie. Livingston (1972) 
presented convincing evidence on the important role that 
birds play as dispersal agents, and that stones and 
associated microhabitats play on the establishment of J. 
virainiana and communis. All the conditions described by 
him are met in northeast Iowa hill prairies. Birds eat the 
seeds and drop them while standing on rocks, and by these 
rocks the seeds find suitable conditions of moisture and 
protection from trampling or exposure. 
Two main factors seem to contribute to generate 
environmental pattern (sensu Kershaw, 1963) at larger 
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(prairie size) scale: the presence of communis which can 
preempt establishment sites, and the occurrence of Rhus 
glabra which may "promote" establishment of ^  virainiana. 
Rhus glabra tends to invade preferently on middle and upper 
topographic sectors (see Section I). A relationship between 
Rhus glabra and the environmental pattern of viroiniana 
was evident in the fluctuations of red cedar density recorded 
along transects laid in one of the protected prairies. 
Higher densities were registered on intermediate topographic 
position where Rhus glabra is abundant. McDonnell and Stiles 
(1983) showed experimentally that woody species serving as 
perches for birds become recruitment foci for the invasion of 
bird-dispersed species during secondary succession. The 
results seem to indicate that kind of interaction between 
Rhus glabra and the establisment of red cedar. Livingston 
(1972) reported an inhibitory effect of bird passage on the 
seeds of red cedar. In his opinion, however, this is more 
than compensated by the fact that birds find the right 
location for establisment. Werner and Harbeck (1982) 
presented evidence of a facilitation-like mechanism by which 
Rhus tvohina creates openings that can be used by trees for 
establishment. Petranka and McPherson (1979) provided 
evidence of an allelopathic effect of Rhus copal Una that 
could explain, together with shading, the elimination of 
prairie grasses during the invasive process. They postulate 
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that trees can become established despite allelopathic 
effects, probably because of the seedling vigor associated 
with large seeds. The prairie herbs, however, suffer from 
the allelopathic influence. The understory of shrubs 
generally has higher relative humidities, decreased 
evaporation and increased soil moisture, so that conditions 
are more favorable for seedling establishment (Pool ej^ al.. 
1918; Aikman, 1927). These conditions tend to alleviate the 
water stress that develops on tall grass prairie to depths of 
30 cm or more during July and August (Weaver, 1968). Parker 
(1952) concluded that the first year is critical in terms of 
a desiccation risk for red cedar, and provided references of 
several authors that recommended protection by shading for 
the first year after germination, in commercial plantings of 
red cedar. Thus, there are several possible mechanisms by 
which viroiniana and Rhus glabra may interact during the 
woody invasion of northeast Iowa hill prairies: dispersal 
effects, creation of openings, allelopathy, and protection. 
According to Holthuijzen and Sharik (1984), a seed bank 
would not be important for red cedar colonization. They found 
that the viability of buried seeds decreses exponentially to 
5.5% after 14 months. 
It is evident that the characteristics of the invasion 
process change after protection from grazing. On overgrazed 
pastures, establishment of Jj. viroiniana is probably 
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accomplished through "waves" of massive establishment in 
•favorable years. Most of the seeds are probably provided by 
trees already established or from neighbor areas. These 
seeds are mostly from the year before, since the seed bank 
seems not to be significant but the seeds need cold 
stratification. Probably the double stratification 
requirement of ^  communis, together with its growth form, 
explains the lower success of this species as a colonizer 
compared to virainiana. On protected prairies, the 
invasive process would be less massive and it would probably 
rely more on mechanisms of localized dispersion under 
intermediately dense shrubs and in openings created in the 
grass cover during dry years. Both situations, determined by 
the grazing regime, are reflected in the age and height 
distributions for the grazed and ungrazed prairies. 
Interference between virainiana and communis might be 
expected, considering their apparently very similar habitat 
requirements. Any of these invasion pathways will probably 
end in a closed Juniperus virainiana community. If this is a 
successionally stable stage, then our results confirm the 
trend toward less agrégation in late successional stages 
indicated by Greig-Smith and Kershaw (1958). Each of these 
steps in the invasion process needs to be investigated in 
order to weigh the relative importance of each factor. 
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This knowledge would be extremely useful in management and 
conservation of hill prairies in northeast Iowa. 
110 
REFERENCES CITED 
Aikman, J. M. 1927. Distribution and structure of the 
forest of eastern Nebraska. University of Nebraska 
Studies 26:1-75. 
Anderson, R. C. and J. Schwegman. 1971. The response of 
southern Illinois barren vegetation to prescribed burning. 
Trans. 111. Acad. Sci. 64:287-292. 
Annala, A. E. and L. A. Kapustka. 1983. Photographic 
history of forest encroachment in several relict prairies 
of the edge of Appalachia Preserve System, Adams county, 
Ohio. Ohio J. Sci. 83:109-114. 
Annala, A, E., J. D. Dubois, and L. A. Kapustka. Prairies 
lost to forests: a 33 - year history of two sites in Adams 
county,Ohio. Ohio J. Sci. 83:22-27. 
Bragg, T. B. and L. C. Hulbert, 1976. Woody plant invasion 
of unburned Kansas bluestem prairie. J. Range. Manage. 
29s19-24. 
Braun, E. Lucy. 1950. Deciduous forests of eastern North 
America. Blakistan Co., Philadelphia, Pa. 596 pp. 
Curtis, J. T. 1959. The Vegetation of Wisconsin: An Ordi­
nation of Plant Communities. Univ. Wise. Press, Madison. 
658 pp. 
Evers, R. A. 1955. Hill prairies of Illinois. Bull. 111. 
Nat. Hist. Surv. 26:366-446. 
Powells, H. A. 1965. Si Ivies of forest trees of the United 
States. USDA Forest Service. Agric. Handbook No. 271:211-
216. U.S. Govt. Printing Office, Washington, D.C. 
Greig-Smith, P. 1983. Quantitative Plant Ecology. 3rd ed. 
Oxford Blackwell Scientific, London. 347 pp. 
Greig-Smith, P. and K. A. Kershaw. 1958. The significance 
of pattern in vegetation. Vegetatio 8:189-192. 
Harper, R. M. 1912. The diverse habitats of the eastern 
red cedar and their interpretation. Torreya 12:145-154. 
I l l  
Holthuijzen, A. M. and T. L. Sharik. 1984. Seed longevity 
and mechanisms of regeneration of eastern red cedar 
<Juniperus viroiniana L.). Bull. Torr. Bot. Club 
111:153-158. 
Kaul, R. P., Challaiah, and K. H. Keeler. 1980. Effects of 
grazing and juniper—canopy closure on the prairie flora 
in Nebraska high-plains canyons. Pages 95-105 in. 
C. L. Kucera, ed. Proc. Seventh North American Prairie 
Conf. Southwest Missouri State University, Springfield, 
Missouri. 
Kershaw, K. A. 1960. The detection of pattern and 
association. J. Ecol. 48:233-242. 
Kershaw, K. A. J,963. Pattern in vegetation and its 
causality. Ecology 44:377-388. 
Kucera, C. L. 1960. Forest encroachment in native prairie. 
Iowa State J. Sci. 34:635-639. 
Kucera, C. L. and S. C. Martin. 1957. Vegetation and soil 
relationships in the glade region of the southwestern 
Missouri Ozarks. Ecology 38:285-291. 
Kuo, Mon-Lin and E. A. McGinnes. 1973. Variation of 
anatomical structure of false rings in eastern redcedar. 
Wood Sci. 5:205-210. 
Livingston, R. B. 1972. Influence of birds, stones and soil 
on the establishment of pasture juniper, Juniperus 
communis, and red cedar, Juniperus viroiniana in 
New England pastures. Ecology 53:1141-1147. 
McDonnell, M. J. and E. W. Stiles. 1983. The structural 
complexity of old field vegetation and the recruitment 
of bird-dispersed plant species. Oecologia 56:109-116. 
Morisita, M. 1959. Measuring of the dispersion of 
individuals and analysis of the distributional patterns. 
Memoirs of ths Faculty of Science of Kyushu University, 
Series E, Biology 2:215-235. 
Nyboer, R. W. 1968. Grazing as a factor in the decline of 
Illinois hill prairies. Pages 209-211 in. P. Schramm, 
ed. Proceedings of a Symposium on Prairie and Prairie 
Restoration, Knoxville, Galesburg, Illinois. 
112 
Oosting, H. J. 1942. An ecological analysis of the plant 
communities of the Piedmont, North Carolina. Am. Midi. 
Nat. 28:1-126. 
Ormsbee, P., F. A. Bazzaz, and W. R. Boggess. 1976. 
Physiological ecology of Junioerus viroiniana in 
old fields. Oecologia 23:75-82. 
Parker, J. 1952. Establishment of eastern red cedar by 
direct seeding. J. For. 50:914-917. 
Petranka, J. W. and J. K. McPherson. 1979. The role of 
Rhus copal1ina in the dynamics of the forest-prairie 
ecotone in north-central Oklahoma. Ecology 60:956-965. 
Pielou, E. C. 1977. Mathematical Ecology. John Wiley 
& Sons, New York. 385 pp. 
Pool, R. J., J. E. Weaver, and F. C. Jean. 1918. Further 
studies in the ecotone between prairie and woodland. 
Botanical Survey of Nebraska 2:1-47. 
Veblen, T. T. 1979. Structure and dynamics of Nothofaaus 
forests near timberline in South-central Chile. Ecology 
60:937-945. 
Weaver, J. E. 1968. Prairie Plants and their Environment. 
A Fifty-Year Study in the Midwest. Univ. Nebr. Press, 
Lincoln, Nebraska. 276 pp. 
Werner, P. A. and A. L. Harbeck. 1982. The pattern of tree 
seedling establishment relative to staghorn sumac cover 
in Michigan old fields. Am. Midi. Nat. 108:124-132. 
Yarranton, G. A. and R. G. Morrison. 1974. Spatial dynamics 
of a primary succession: nucleation. J. Ecol. 62:427-
428. 
113 
SUMMARY 
Patterns of plant community organization investigated in 
this study indicate that Northeast Iowa hill prairies are 
part of a continuum that connects them to the tall grass 
prairie that once covered the state. They make up the driest 
end of the gradient and converge in structure with those hill 
prairies in Wisconsin, Illinois and Minnesota. Differences in 
composition are probably a reflection of geographical 
separation. 
Andropooon oerardi i. A. scooari us. Sporobolus 
heterolepis and Bouteloua curtioendula. the most important 
grasses, as well as Rhus olabra behave differently under 
various conditions of topography, moisture availability and 
grazing intensity. Invasion of hill prairies by the later 
species seems to be related with fire suppression. Smooth 
sumac is probably involved in a facilitation-like mechanism 
that promotes the establishment of eastern red cedar, 
Juni perus virainiana. when grazing is eliminated. Progressive 
or massive invasions of hill prairies by Juniperus virainiana 
can culminate in closed communities with total elimination of 
prairie species. Further research is badly needed on the 
mechanisms of invasion and population dynamics of J. 
virainiana to formulate adequate conservation policies for 
hill prairies in Northeast Iowa. 
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